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1968 

Production of fuel destined for the EOF reactors was limited to about 130 tonnes 
of uranium, and 80 tonnes for Chinon 1. 

1969 

This was a year of transition. 330 tonnes were produced for EOF. 

In 1970 and 1971, CEA will have to supply Saint-Laurent 2, Bugey and Vandellos; 
production will be in the order of 800 tonnes a year. 

1970 

620 tonnes produced for graphite-core reactors, like Chinon 3. 

Fuels are currently being produced for Saint-Laurent 2, Vandellos and Bugey. 

1971 

Initial delivery of fuel (natural uranium) was made to Vandellos; no amount given. 
Since its inception in 1962, CEA has supplied EOF with more than 3,000 tonnes of 
fuel for the graphite-gas system. 

1972 

Total supplies to EOF and Vandellos amounted to only 260 tonnes, as opposed to 
nearly 600 tonnes in 1971. At the same time, there was a 10% decrease in pro- 
duction for G2 and 63. 

1973 

Production for EOF and Vandellos— 585 tonnes— was more than double that of 
1972 (260 t). On the other hand, production for 62 and 63 decreased by half in 
relation to 1972. 
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1974 

Production for EOF and Vandellos was about 550 tonnes, 10% lower than for 1973. 

1975 

Production was 680 tonnes of uranium, approaching the maximum produced in France 
(717 tonnes in 1970). This was 10% more than in 1974, despite the decline in 
production for G2 and G3. To this is added the production, always important, of 
fuels needed for G2 and G3. 

1976 

Production for EOF and Vandellos was 650 tonnes, to which are added the fuels for 
G2 and G3. 

1977 

Production for EOF and Vandellos was 570 tonnes, to which are added fuels for 
G2 and G3. 

1978 

376 tonnes for EOF and Vandellos. 

1979 

491 tonnes for EOF and Vandellos. 

1980 

471 tonnes for EOF and Vandellos, to which the supplies destined for G3 must be 
added. 

A manufacturing plant for fuels for water reactors is under construction; its 
planned initial capacity is 500 tonnes/year, to be increased to 1,250 tonnes. 

i raiiu i " — 
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I I I 

REPROCESSING OF GRAPHITE/GAS FUELS 
UP2 PLANT 


25X1 

25X1 


From 1966 through 1982, the UP2 facility reprocessed 4112 
tonnes of fuel from EDF graphite-gas reactors and the 
Franco— Spanish Vandellos reactor. Until 1974 the facility 
operated at less than design capacity because capacity exceeded 
the amounts of irradiated fuel available for reprocessing. The 
guantities reprocessed grew with fuel deliveries through 1976 
(Table 1). Since then oxide fuel reprocessing activities have 
limited graphite-gas fuel reprocessing to about 6 months per 
year. Table 2 shows the types of fuel reprocessed since 1966. 



25X1 
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TABLE 1 

NUGG Fuel Reprocessing at UP2 


Year 

Delivered* 

Reprocessed* 

Stored 

1966 

53 


52 

1 

1967 

150 


98 

53 

1968 

166 


187 

32 

1969 

235 


228 

39 

1970 

197 


136 

100 

1971 

101 


164 

36 

1972 

291 


250 

78 

1973 

430 


213 

295 

1974 

555 


635 

215 

1975 

532 


441 

306 

1976 

326 


218 

414 

1977 

333 


351 

396 

1978 

388 


372 

412 

1979 

238 


264 

386 

1980 

160 


253 

293 

1981 

185 


251 . 

227 

* T 

In 

tonnes of initial 

uranium 
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TABLE 2 

Types of Metallic Fuel Reprocessed 


Type/Weight 

Reactor 

Quantity 

Reprocessed (te) 




U/Mo 

U/Mo 

MoSnAl 

SiCrAl 



0.5% Mo 

1% Mo 



Tubular 

EDF-1 





10 kg 

EDF-2 

EDF-3 

191 

1816 

126 

63 


SL-1 


Tubular EDF-3 

Graphite-Core SL-1 

10 kg SL-2 725 

Vandellos 


Annular Bugey 1192 

24 kg 


r 


25X1 
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TRANSPORT OP IRRADIATIO) FUEL TO THE LA HAGUE REPROCESSING PLANT 


B. Lenall ^ 

COGEMA, Velizy 'lllacoublay Cedex* Prance 
U. Curtis 

Nuclear Transport Liaited, Risley, Warrington, United Kingdom 


The story of the transport of irradiated fuel to the La Hague 
reprocessing plant of COGEKA is a story of massive experience, 
comparable throughout the world only with that of BNFL's Sellafield 
plant. 

Natural uranlun fuel transports 

The story began as long ago as 1966 with the transport of 
natural uranium fuel from French Graphite Gas Reactors, These 
transports have continued at vc’.rying annual rates to the present 
tine in relation to the distribution of fuel between La Hague and 
the natural uranium reprocessing plant at Karcoule, It is expected 
that all natural uranium transports will ultimately be directed to 
Marcoule as oxide fuel reprocessing at La Hague increases. The 
following Table I shows the annual tonnages transported to La Hague. 


TABLE I 

Metric tons of natural uranium fuel 
from graphite-gas reactors 




■ m 
' 

.. -m 



Tlie flask used Is of cMbic shape of approximately 2.3* wide and 
a loaded weight of some 54 -ietric tons. The shielding consists of 
lead totally enclosed in stainless steel cladding. 

Light water reactor fuel transports 

Light water reactor transports to La Hague began in 1973 but 
remained at a level of about 100 metric tons per year until 1981 
when the annual amount transported tripled in comparison with 1980, 
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Ift 1962 there was a further increase of 60?^ over 1981 
? transported are shown In Table H, 


The tonnages 




TABLE II 

Metric tons of light water fuel 


1973 197^ 1975 1976 1977 1976 1979 I960 1981 1982 

10 26 97 60 101 02 112 135 ^o5 647 


Total - 1685 metric tons 


The transports Iron 1973 to 1980 were almost entirely Xrom 
f fcropean countries outside Prance, but In 1979 fuel began to arrive 
f S" 1981, from the large French domestic progrrmiBO of 

iX:’ IWnSe 


Light water reactor fuel is transported to »,a Hague in a lame 
teriety of flasks - dry flasks, wet flasks, small 3fe tonne flasks 
; f?*" rt°“H *'P to 110 te monsters transported by 

rail. A standard range of flasks has now been defined to facilitate 

handling in the UP3A plant and the present 
igybrid f^lly wi.i not be extenUed. The 38 tonne rood flLks hove 

of uranium in irradiated fuel 

form 13 or /elements), and are lead shielded iu a stainless 
steel casing. The standard flasks ar-^ of the following types: 


TABLE III 

La Hague standard flask types 

Loaded Velcht Capuc 111 
te BVR PWR 

TN 17/2 72 17 6 

TN 12/2 102 30 12 

TN 13/2 110 _ 11 


I The deslgn^conslsts of a thick walled steel cylinder clod 
^internally with stainless steel and externaliy with multiple copper 


Is PWi**elementB“**‘2 « capacity of 17 BWR or 

^ liner is enclosed in a thick walled steel 


Icyllnder with external circuitf >r.*n- Ui dteol fins* 
|««tar filled. 


The flasks are 


The philosophy of the new f>ask unloading facilities in the UP*5A 
original concepts: uploading in a dry cell in 
l^otrast to a pond, and autouatic nandlinx The bvbrld fAmiiv nt 
%1.8ks described above are vnsultabie fo^ihe uL Jfin? b“ illf 


I ^ 




I 




'•"■S 


M 




1 
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coatlnue to be baadle ^io older*reac^r8*to*be^se^ed*wbich, because 

xSnluo:!: caa not handle tbe larger 

0^ HWtla l!*dA zed flASkS* 


Fast reactor f uel transports 


to Lo “5»« to”J5iiiirlSol IlooH oelelio 18 •otrlc 

ur. Sin? 

;““«?ted TaVolr sections. The ^ 

S^lvalent ol two disaantled fuel asse.bllea. 


Transport Methods to t a HaRue 


Tr.«.por.. to 1- F-s- *" ‘"rij: Sii.nJi,"" turh.st'' 

:r;« 

r€ii ro^trsfo-srioiKor- 


TABLE IV 

Eoad transports to La Hague 


W 75 1874 »75 1976 1977 1978 1979 1980 1981 1982 

, 21 9 « 95 TO 59 56 57 79 90 


„„..i ...uoi |i rd‘i5"”»"i; H",:”*?.??;:?. o.. 

f~i JS. tSJ s;;dto«i«o. i r..o..r. -oiob <... 


to me rewuva* vr* '" 1 ” 

been peraanently reaoved fror service. 


Transports by sea to La Hague are SOFRASAM. 

Cherbourg onto rail “yalo-nes they are handled like all 

^th^rriirtrali^Pt; - L- Cr; TL^^^nu^bers of sea transport, 
to La Hogue are as shown in Table V. 


Utt 
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TABLE V 


Sett transports to La Hague 



1979 

1980 

1981 

1982 

Flasks 

13 

tk 

36 

20 

Te U 

29 

32 

99 

106 


The basic Bethod of transport to La Hague is by rail* since most 
^ the flasks weigh fron 80 to 110 netric tons. A special 6 code 
fsil wagon has been developed for this traffic which is authorised 
Ipr Domal rail freight speeds. The irradiated fuel flask wagons . 

Iprw nomal freight trains* The tialns arrive at the Valognes 

ttrainal where they are transferred from the rail wagons to a special 
ipad vehicle. The flasks then travel the final kO km between the 
fplognes temlnal and La Hague along quiet country roads. The 
U Hague site has no connection to the railway systen and the terrain 
ppuld make such connection difficult and costly. The Valognes 
iprninal has therefore been established to provide a marshalling yard 
pppable of handling many wagons simultaneously, with two travelling 
Iridge cranes of 130 metric tons capacity. The terminal also includes 
faciUties for maintenance of the road and rail vehicles. The annual 
umbers of rail transports to La Hague are shown in Table VI. 


TABLE VI 


Rail transports to La Hague 



The peaks In 197^ and 1975 correspond to the peaks in the transport 
pf natural uranium. Whilst transports of graphite-gas elements have ^ 
^clioed steadily since 197^, transports of light water reactor 
plenents by rail have steadily Increased and will continue to do so. 


All flasks arrive at La Hague by road and are delivered to a 
IfPlley loading plant known as AML. Here the flasks are transferred 
to Bite trolleys which are used for storage on a large open-air 
trclK^y handling unit with a capacity of k5 flasks. The AML is 

to the new pond facility (NFU) which has a storage capacity 
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I 








^.nrMHBundliut to 2.000 Metric tone or oraniuM, and aleo to the HAO plant. 
^Sn’S^aJellash icndllng capacity of ^ is 350 
wAY-kinv through two separate unloading lines. In NFiip tne ixasK 
To^t^ ln![^^L ponS and fuel elements are extracted under water. 

The future UP3A will Include a unit ^ 

from the flasks and trrjasters the*^ to individual pits prior to 

underwater storage in the pond. 

sipping before transport, or seapling of the fla^ water after ioaaiug 
wAf riaAks or cas sampling In the case of dry flasks, r 
ll mVet thrcrlterJ involves rejection of the fuel at the reactor site. 

Transport organisation 

with the excention of the sea transporte referred to above, all 

Belgium, Holland and Switzerland to La Hague is ^ where 

Parts office Most non-French transports originate f*om Germany 
NTL has a base at Hanau. NTL's services comaence at the reactor site, 

!!here technicians attend to provide "|^®Lceptance’ 

to verify that the fuel eleaente comply with the COGEMA acceptance 
crUe^la^ trcheck the fuel clement identification numbers and to 
accept the flask for transport after it has passed controls o 
leak-tlchtness, radiation and contamination. Transport is . 

irgaiiizid by the appropriate NTL branch acting in concert with their 
colleagues who will take over responsibility at an agreed band-over 
point. 

NTL acts as the sub-contractor of the reprocessor J®™® JJ® 
bridge between the reactor and the reprocessing plant. Statistics 
such^as metric tons transported or number of ^ 

sometimes fail to present an adequate picture of ‘^® 
the activity. The number of light water reactor irradiated fM^ 
elements transported by NTL is now in excess of 5,000 - . 

equivalent of more than 30 full reactor cores. 
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MINISTRY OF RESEARCH AND INDUSTRY 
FRANCE 



HIGHER COUNCIL FOR NUCLEAR SAFETY 


/ 

V 


Appendices to the Report 

OF 

THE Working Group 
ON 

THE Management of Irradiated Fuels 


December 1981 - November 1982 


I 



Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 

December 1981 - November 1982 


TABLE VIII; OPERATING PARAMETEPB OF LA HAGUE 
! Tonnape retraitfe ©llaux moven de combustionl 


Annee^ I UKSG 


LWREP/ 


(P f'Wj/t collective 

u.Niau /«!s I hownc/rems 


Tenps C 
d’ arrets 
fnoisl 



* Data of La Hague radiation protection department [probably 
applies only to 1981 — cut off in original — translator). 


Key: 1. Year 

‘ 2. Tonnaae reprocessed 

3. GGR ’ j 

4. Light-water PWR • 


5. Mean, burnup, f-twd/t 

6. Collective dose, man-rems 

7. Stoppage periods, months 
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Tabi* • n* 1 - REPriOCESSINC -AT LA HAGUE 
- Tonnage Reprocessed and Dose Indicators - 


Year 

Tonnage Reprocessed 
( torj:es) 

Average Bum-up 
(f-7 days/ tonne) 

Co riective 

Dose 

(rran-re.'n) 

Dose/ Power 

Ratio 

(rer?yMWe yr) 


-Detal- 

-oxide" 

•a>etal- 

-oxide- 


1 

1 

1968 

189 - 

- 

1 170 

• 

223.3 

1.106 

1969 

158 

- 

990 

- 

222.8 

1.560 

1970 

245 

- 

1 OBO 

- 

372,4 

1,541 

1971 

126 

- 

2 290 

- 

• 362.1 

1.374 

1972 

250 

- 

' 2 160 

- 

344.2 

C.693 

1973 

213 - 

• 


• 

-507,4 

1.091 



' 



* . 


1974 

635 

• ...... 

•7S||33Q;V 

- 

543,5 

C.402 

1975 

443 

- 

3 038 


714,4 

C.S61 

1976 

218 

14,6 

'2r783 

15 800 

700. B 

0.916 

1977 

351 

17.3 

T 947 

26 C60 

672.1 

C.463 

1978 

372 

38,2 

3 345 

27 270 

633.8 

0,204 

1979 

240 

79,4 

3 590 

20 375 

561.9 

C,2<8 

1980 

252 

104,9 

3 317 

20 960 

643.2 

0,232 

1981 

250 

101,3 

3 672 

25 420 

727.5 

0,228 








1932 

226 

153,5 

3 720 

1 

’ -^1 095 

602,8 

C.162 

1983 

117 

221,3 

3 727 

23 230 

590.7 

0.116 

1963-1963 

4 285 

730,5 



8 424 

0,373 

Sources : 

/ZER79/, /CASei/ (1969 to 1981) 






- 16 = 
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5=;RnRET , 

I 25X1 

French Reprocessing Activities 

This is a cOTiplete list of all the data provided to us by LLTtL on oxide fuel 
reprocessing activities at Cap de la Hague. The column headings have the following 
meanings: 

NUM-ASBL number of fuel assemblies reprocessed 
KGU-1DTAL mass of uranium in spent fuel in kilograms 

j% u 235 weight percent uranium-235 before assemblies inserted into reactor 
INSRT DATE month/year assemblies inserted into reactor 

DISCH DATE month/year assemblies removed from reactor 

BURNUP total irradiation received by assemblies 

D%_u 235 weght percent uranium 235 in discharged fuel 
KG Pu-TOTAL mass of plutonium in spent fuel in kilograms 

A blank spot in a column indicates that LLNL does not have data for that parameter. 

25X1 

- ' 25X1 
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SECRET , 

25X1 


LWR FUEL REPROCESSED AT LA HAGUE 
FIRST CAMPAIGN 
APRIL - JUtJE 1976 


NUM- KGU- I%- 

ASBL TOTAL U235 


INSRT DISCH BURNUP D%- KG Pu- 

DATE DATE Ml-ro/TE u235 TOTAL 


MUEHLEBERG (SV7ITZERLAND) 


196 

2.39 

3/71 

1/74 

8400 

1.62 

0.7 

2346 

2.39 

3/71 

8/74 

13000 

1.30 

12.3 

12080 

2.39 

3/71 

8/74 

14200 

1.24 

67.7 



SECRET , 

25X1 
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SECRET 


LWR FUEL REPROCESSED AT LA HAGUE 
SEOOND CAflPAIGH 
NOVEMBER 1977 - MARCH 1978 


NUM- 

ASBL 


KGU- 

TOTAL 


I%- 

u235 


INSRT 

DATE 


DISCH 

DATE 


BURIWP D%- 

MIJD/TE U235 


KG PU- 
TOTAL 


STADE 


3 

1056 

2.38 

1/72 

7/73 

15790 

1.12 

6.4 

1 

352 

3.19 

1/72 

7/73 

18136 

1.64 

2*3 

JL 

33 

11616 

3.38 

1/72 

6/74 

23196 

0.78 

97,3 

16 

5632 

2.53 

1/72 

6/74 

23726 

0.83 

47.3 

1 

352 

3.19 

1/72 

6/74 

26427 

1.16 

2.9 

18 

6336 

2.53 

1/72 

5/75 

27993 

0.67 

53.7 

32 

11264 

3.19 

1/72 

5/75 

31051 

0.94 

100.0 

4 

1408 

2.38 

1/72 

7/73 







7/74 

5/75 

21839 

0.83 

11.8 

5 

1760 

2.18 

1/72 

7/73 







6/75 

4/76 

23000 

0.68 

14.6 

2 

704 

2.53 

1/72 

7/73 







6/75 

4/76 

25000 

0.78 

5.6 

3 

1056 

3.19 

1/72 

7/73 







6/75 

4/76 

26237 

1.17 

8.6 

2 

704 

2.53 

9/73 

4/76 

25000 

0.78 

5.6 

42 

14868 

3.18 

9/73 

4/76 

31500 

0.92 

132.8 
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WR FUEL REPROCESSED AT LA HAGUE 
THIRD CAMPAIGN 
DECEMBER 1978 - APRIL 1979 


NUM- 

ASBL 


KGU- I%- INSRT DISCH BURNUP D%- 

TOTAL u 235 DATE DATE tTO/TE u235 


KG Pu- 
TOTAI^ 


BORSSELE 


30 

9420 

2.5 

6/73 

1/75 

15000 

1.26 

47.3 

8 

2512 

2.80 

6/73 

1/75 

16160 

1.44 

14.9 

32 

10048 

2.80 

6/73 

2/76 

25600 

0.93 

81 • 1 

5 

1570 

2.50 

6/73 

2/76 

22900 

0.86 

13.2 

27 

8208 

3.10 

6/73 

1/77 

30800 

0.90 

72.5 


GUITOREMMINGEN-A 


9 

1140 

2.20 

8/66 

7/69 







7/70 

5/73 

12214 

1.20 

5.9 

5 

621 

2.24 

7/70 

5/73 

15597 

1.02 

3.8 

9 

1156 

2.40 

7/70 

5/73 

15597 

1.10 

7.1 

1 

128 

2.42 

8/69 

6/71 







7/72 

5/73 

15735 

1.13 

0.8 

1 

127 

2.20 

8/66 

5/74 

21459 

0.73 

0.9 

1 

127 

2.20 

8/66 

7/67 

21244 

0.74 

0.9 

23 

2939 

2.42 

8/69 

5/74 

20271 

0.89 

20.9 

15 

1863 

2.42 

8/69 

5/74 

20283 

0.89 

13.3 

10 

1267 

2.20 

8/66 

7/69 

12956 

1.16 

6.8 

16 

1987 

2.24 

7/70 

5/74 

18160 

0.91 

13.3 


SECRET 

25X1 
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SECRET 

I 25X1 


LWR FUEL REPROCESSED AT LA HAGUE 
FOURIH CAMPAIGN 
DECEMBER 1979 - JUNE 1980 


NUM- 

ASBL 


KGU- 

TOTAL 


I%- 

U235 


INSRT 

DATE 


DISCH 

DATE 


BURI'IUP D%- 

MWD/TE u235 


KG PU- 
TOTAL 


MUEHLEBERG 


4 

733 

2.39 

3/71 

8/73 

5600 

1.82 

2.2 

21 

4027 

2.39 

3/71 

8/74 

14200 

1.24 

22.6 

2 

391 

2.39 

3/71 

10/74 

24541 

0.73 

3.1 

6 

1165 

2.39 

3/71 

8/74 







10/74 

8/75 

19034 

0.97 

1.3 

42 

8195 

2.39 

3/71 

8/75 

19034 

0.97 

55.8 

70 

13459 

2.39 

3/71 

5/76 

17875 

1.02 

88.1 

4 

782 

2.39 

3/71 

8/74 







9/75 

5/76 

17875 

1.02 

5.1 

2 

384 

2.39 

3/71 

1/74 







9/74 

5/76 

19034 

0.97 

2.6 

WURGASSEN 







91 

17745 

2.20 

10/71 

9/76 

13581 

1.11 

99.1 

2 

390 

2.20 

10/71 

8/77 

17590 

0.91 

2.5 

GUNDREMMINGEN-A 







12 

1490 

2.24 

7/70 

5/74 

18160 

0.91 

10.0 

1 

124 

2.42 

8/69 

5/70 

14723 

1.23 

0.7 

■ 3 

373 

2.42 

7/71 

5/74 

16530 

1.10 

2.3 

2 

253 

2.20 

7/72 

5/74 

23266 

0.67 

2.0 

1 

128 

2.42 

8/69 

6/71 







7/72 

5/74 

18529 

1.01 

0.8 

1 

124 

2.42 

8/69 

6/71 







7/72 

5/74 

18541 

1.01 

0.8 

1 

128 

2.42 

8/69 

4/72 







6/73 

5/74 

19108 

0.99 

0.9 

1 

124 

2.42 

8/69 

4/72 







6/73 

5/74 

19120 

0.99 

0.8 

1 

128 

2.42 

8/69 

5/75 

21269 

0.86 

0.9 

13 

1615 

2.24 

7/70 

5/75 

19530 

0.85 

11.3 

1 

128 

2.42 

8/69 

5/70 







7/71 

5/75 

20137 

0.89 

0.9 

2 

257 

2.40 

7/71 

5/75 

18562 

1.00 

1.7 

44 

5465 

2.42 

7/71 

5/75 

18624 

1.01 

36.6 

3 

383 

2.42 

8/69 

6/71 







7/72 

5/75 

20018 

0.90 

2.7 

6 

745 

2.24 

7/70 

6/71 







7/72 

5/75 

17810 

0.92 

4.9 

6 

745 

2.42 

7/72 

5/75 

15992 

1.12 

4.5 

10 

1242 

2.40 

7/72 

5/75 

15952 

1.11 

7.6 

1 

124 

2.42 

7/70 

4/72 







6/73 

5/75 

26547 

0.64 

1.0 


SECRET 
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UWR FUEL REPROCESSED AT LA HAGUE 
POURIH CAMPAIGN 
DECEMBER 1979 - JUNE 1980 


NUM- KGU- 

ASBL TOTAL 


I%- INSRT DISCH BURNUP 

u235 date date Ml-JD/TE 


D%- 

o235 


KG PU- 
TOTAL 


GUNDREM?1INGEN-A (cont) 


2 

248 

2.24 

7/70 

4/72 







6/73 

5/75 

18376 

0.90 

1.7 

2 

257 

2.40 

7/70 

4/72 







6/73 

5/75 

18973 

0.98 

1.7 

4 

514 

2.40 

7/70 

5/73 







6/74 

5/75 

18287 

1.01 

3.4 

1 

124 

2.42 

7/71 

5/73 







6/74 

5/75 

15833 

1.13 

0.8 

10 

1242 

2.42 

7/71 

5/76 

20104 

0.89 

8.8 

6 

745 

2.42 

7/72 

5/76 

18263 

1.02 

4.9 

33 

4099 

2.40 

7/72 

5/76 

18217 

1.02 

27.1 

8 

994 

2.41 

6/73 

5/76 

16329 

1.11 

6.1 

14 

1739 

2.42 

6/73 

5/76 

16367 

1.10 

10.7 

1 

128 

2.40 

7/70 

5/73 







6/74 

5/76 

19819 

0.94 

0.9 

4 

514 

2.40 

7/71 

5/73 







6/74 

5/76 

18064 

1.02 

3.4 

4 

516 

2.40 

7/71 

1/77 

21122 

0.85 

3.7 


OBRIGHEIM 


27 

7837 

3.10 

9/68 

8/71 






10/72 

9/73 

30308 

0.92 

68.7 

3 

831 

3.10 

9/70 

9/73 

30909 

0.89 

7.4 

1 

255 

2.85 

9/70 

9/73 

31172 

0.73 

2.3 

1 

291 

2.50 

9/68 

8/70 







9/71 

9/72 

24495 

0.70 

2.4 

2 

554 

3.10 

9/70 

9/72 






♦ 

9/73 

8/74 

27696 

1.04 

4.6 

1 

291 

2.80 

9/68 

8/71 

24527 

0.98 

2.3 

27 

7856 

2.50 

9/68 

8/70 



63.7 



9/71 

9/72 

24495 

0.78 

4 

1161 

3.10 

9/68 

9/72 

29754 

0.93 

9.0 

1 

291 

3.00 

9/70 

9/72 

18053 

1.48 

1.9 

1 

290 

3.10 

9/68 

9/73 

37480 

0.64 

2.8 
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im FUEL REPROCESSED AT LA HAGUE 
POURTO CAMPAIGN 
DECEMBER 1979 - JUNE 1980 


NUM- 

ASBL 

KGU- 

TOTAL 

I%- 

u235 

INSRT 

DATE 

DISCH 

DATE 

BURNUP 

Mt-JD/TE 

D%- 

U235 

KG Pu- 
TOTAL 

DOEL-1 

35 

9240 

2.01 

7/74 

2/76 

13522 

0.95 

49.9 

DOEL-2 

35 

9272 

1.99 

8/75 

11/76 

13716 

0.98 

51.0 

TIHANGE- 

39 

-1 

17745 

1.95 

4/75 

9/76 

15562 

0.82 

108.3 

STADE 

32 

11264 

2.18 

1/72 

7/73 

15305 

1.00 

66.1 

2 

704 

2.53 

1/72 

7/73 

16177 

1.22 

4.4 

1 

354 

3.18 

9/73 

4/76 

31500 

0.92 

3.2 

11 

3894 

3.18 

7/74 

4/76 

21739 

1.41 

28.3 

1 

352 

3.19 

1/72 

5/76 

5/75 

4/77 

35631 

0.76 

3.3 
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LWR FUEL REPROCESSED AT LA HAGUE 
FIFTH CAMPAIGN 
FEBRUARY - JULY 1981 


NUM- KGU- I%- INSRT 

ASBL TOTAL u235 DATE 


DISCH BURNUP D%- KG Pu- 

DATE MITO/TE U^^S TOTAL 


SENA-CHOOZE 


22 

6900 

2.96 

10/66 

6/73 

25800 

1.02 

58.0 

28 

8800 

3.76 

10/66 

6/73 

23200 

1.58 

66.4 

BORSSELE 








1 

300 

2.50 

6/73 

1/77 

22100 

0.89 

2.7 

5 

1600 

2.50 

6/73 

11/77 

22500 

0.89 

12.6 

9 

2800 

2.80 

6/73 

2/76 

25600 

0.93 

22.8 

1 

300 

3.10 

6/73 

2/76 

26300 

1.11 

2.5 

12 

3600 

3.10 

6/73 

1/77 

30800 

0.90 

32.2 

1 

300 

3.3 

4/75 

2/76 

12900 

2.10 

1.6 

4 

1300 

3.30 

4/75 

1/77 

21000 

1.54 

8.9 

4 

1300 

2.95 

4/75 

11/77 

33400 ' 

0.73 

'11.8 

4 

1200 

3.10 

4/75 

11/77 

29500 

0.93 

11.1 

10 

3100 

3.30 

4/75 

11/77 

30000 

1.02 

29.5 

OBRIOTEIM 







1 

300 

2.50 

9/68 

8/74 

26500 

0.70 

2.4 

6 

1700 

3.10 

9/68 

8/74 

27500 

1.04 . 

14.5 

1 

300 

2.85 

9/70 

9/73 

31200 

0.73 

2.3 

19 - 

5300 

3.10 

9/70 

8/74 

27700 

1.04 

44.0 

3 

800 

3.10 

9/70 

9/73 

30900 

0.89 

7.4 

16 

4400 

3.10 

9/71 

6/75 

24300 

1.20 

34.2 

2 

600 

3.10 

10/72 

6/75 

27900 

1.03 

4.6 

. STADE 








5 

^800 

2.18 

i/72 

4/76 

23000 

0.68 

14.6 

•- 2" 

700 

2.53 

1/72 

4/76 

25000 

0.78 

5.6 

* 1 

400 

3.19 

9/73 

4/77 

34200 

0.81 

3.3 

4 

1400 

3.18 

9/73 

4/77 

34100 

0.81 

13.2 

1 

400 

3.18 

9/73 

4/77 

30600 

0.96 

3.1 

1 

400 

3.18 

9/73 

4/77 

24500 

1.25 

2.8 

20 

7100 

3.18 

14/74 

4/77 

29400 

1.01 

61.2 

6 

2100 

3.18 

7/74 

4/78 

33200 

0.85 

19.5 

4 

1400 

3.18 

7/74 

4/78 

28200 

1.06 

12.0 

7 

2500 

3.18 

6/75 

4/78 

29300 

1.01 

21.4 

1 

400 

3.18 

6/75 

4/77 

24200 

1.26 

2.7 

NECKARWESTHEIM 







44 

15700 

1.90 

5/76 

7/77 

12800 

0.89 

89.0 

5 

1800 

1.90 

5/76 

8/78 

20800 

0.60 

14.4 

31 

11000 

2.50 

5/76 

8/78 

24000 

0.81 

90.4 
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LWR FUEL REPROCESSED AT LA HAGUE 
SIXTH CAMPAIGN 
7 DECEMBER - 30 JUNE 1982 


NUM- 

ASBL 

KGU- 

TOTAL 

I%- 

U235 

INSRT 

DATE 

DISCS 

DATE 

BURNUP 

mwd/te 

D%- 

U235 

KG Pu- 
TOTAL 

DOEL-1 








2 

500 

2.05 

7/74 

2/76 

13500 

0.95 

2.9 

32 

8500 

2.85 

7/74 

2/77 

25500 

0.96 

68.1 

DOEL-2 








2 

500 

3.42 

8/75 

11/76 

11200 

2.39 

2.5 

6 

1600 

1.99 

8/75 

10/77 

21200 

0.65 

11.7 

22 

5800 

2.84 

8/75 

10/77 

24100 

0.96 

46.3 

2 

500 

2.85 

8/75 

10/77 

24400 

0.95 

4.3 

3 

800 

2.01 

2/77 

10/77 

20900 

0.68 

2.0 

TIHANGE-1 





• 


4 

1800 

3.10 

2/75 

9/76 

19200 

1.50 

12.5 

3 

1400 

1.95 

2/75 

9/76 

15600 

0.82 

8.3 

2 

900 

2.55 

2/75 

7/76 

17400 

1.17 

6.3 

4 

1800 

1.95 

2/75 

1/78 

24200 

0.52 

9.8 

21 

9600 

2.55 

2/75 

1/78 

26200 

0.76 

57.1 

TAKAHAMA-1 







44 

20200 

2.00 

3/74 

11/75 

15600 

0.87 

124.0 

BORSSELE 







8 

2500 

3.3 

4/75 

11/77 

30000 

1.02 

23.6 

2 

600 

3.30 

4/75 

2/76 







2/77 

10/78 

30500 

1.02 

5.4 

28 

. 8800 

3.30 

4/76 

10/78 

30500 

1.02 

72.2 

9 

2800 

3.30 

2/77 

10/78 

22500 

1.40 

20.6 

FESSENHEIM 







25 

11500 

2.10 

3/77 

3/79. 

15100 

0.96 

72.0 
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UWR FUEL REPROCESSED AT LA HAGUE 
SIXTH CAMPAIGN 
7 DECEMBER - 30 JUNE 1982 


NUM- 

KGU- 

I%- 

INSRT 

DISCH 

BURtJUP 

D%- 

KG Pu- 

ASBL 

TOTAL 

U235 

DATE 

DATE 

MlWTE . 

u235 

TOTAL 


MUEHLEBERG 


1 

200 

2.39 

10/73 

8 

1600 

2.30 

9/74 

68 

12500 

2.47 

9/74 

4 

800 

2.30 

9/74 

4 

700 

2.47 

9/74 




9/75 

36 

6600 

2.47 

9/74 

16 

2900 

2.74 

9/75 

WUERGASSEN 



1 

200 

2.20 

10/71 

104 

20300 

2.20 

10/71 

23 

4500 

2.20 

10/71 

GUNDREMMINGEN-A 



4 

500 

2.42 

7/71 

2 

200 

2.42 

7/72 

24 

2900 

2.41 

7/72 

1 

100 

2.42 

7/71 




6/73 

4 

500 

2.41 

6/73 


OBRIGHEIM 
102 28700 


5/76 

17900 

1.03 

1.3 

8/77 

19400 

0.91 

10.4 

8/77 

21300 

0.95 

90.1 

8/78 

10/74 

20000 

0.88 

5.2 

8/78 

22600 

0.84 

5.2 

8/78 

25600 

0.76 

52.4 

8/78 

23900 

1.03 

22.8 


9/76 

13600 

1.11 

1.1 

8/77 

17600 

0.91 

132.0 

3/79 

21200 

0.76 

32.2 


1/77 

21300 

0.85 

3.7 

1/77 

19900 

0.85 

1.8 

1/77 

. 19900 

0.94 

21.3 

4/72 




1/77 

20100 

0.89 

0.9 

1/77 

18000 

1.03 

3.3 


29000 


260.0 
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LWR FUEL REPROCESSED AT LA HAGUE 
SEVENTH CAMPAIGN 
1 MARCM 1983 - 30 JUNE 1983 


NUH- KGU- I%- 

ASBL TOTAL u235 


INSRT DISCH BURl'JUP D%- KG Pu- 

DATE DATE MIO/TE u235 TOTAL 


TINANGE-1 


1 

460 

1.95 

02/75 

01/78 

24200. 

0.52 

2.4 

9 

4120 

2.55 

02/75 

01/78 

25628. 

0.78 

33.8 

6 

2740 

2.55 

02/75 

01/79 

34500. 

0.47 

26.3 

3 

1370 

3.20 

02/75 

01/78 

28535. 

1.07 

11.8 

9 

4120 

3.10 

02/75 

01/79 

33700. 

0.79 

38.6 

1 

460 

3.20 

03/78 

01/79 

11700. 

2.11 

2.21 

STADE 








7 

2450 

3.18 

07/74 

03/79 

31000. 

0.95 

22.3 

18 

6290 

3.18 

06/75 

03/78 

30340.* 

0.97 

56.6 

5 

1750 

3.18 

06/75 

03/97 

33500. 

0.84 

16.6 

4 

1400 

3.18 

06/75 

03/79 

31000. 

.0.95 

12.7 

16 

5600 

3.18 

05/76 

03/79 

32700. 

:^.88 

52.5 

BORSSELE 







1 

310 

3.30 

04/76 

10/78 

30500.* 

1.02 

2.7 

3 

940 

3.30 

04/76 

10/78 

30500.* 

1.02 

8.1 

28 

8790 

3.30 

02/77 

10/79 

31600.* 

0.99 

79.6 

. 12 

3770 

3.30 

12/77 

10/79 

24200. 

1.37 

28.2 

GUNDREMMINGEN-A 







4 

480 

2.40 

07/72 

01/77 

15734.* 

1.12 

3.0 

34 

4120 

2.40 

06/75 

01/77 

10013.* 

1.47 

17.5 

31 

3760 

2.41 

06/75 

01/77 

10032.* 

1.48 

16.0 

27 

3270 

2.41 

10/76 

01/77 

3021.* 

; 2.08 

• I- 

5.2 

ISAR-1 

(KKI) 





'5 f ”•5 


204 

37830 

1.94 

11/77 

04/80 

12925. 

0.95 

207.8 
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lA© FUEL REPROCESSED AT LA HAGUE 
SEVENTH CAMPAIGN 
1 MARCH 1983 - 30 JUNE 1983 


1 


25X1 


NUM- 

ASBL 


KGU- I%- INSRT DISGH BURIWP D%- 

TOTAL u235 dATE DATE MViTO/TE u235 


KG Pu- 
TOTAL 


BEZNAU 1 


10 

3300 

3.20 

7/75 

6/78 

27,400 

1.03 

29.30 

1 

300 

3.21 

7/74 

5/77 







6/78 

6/79 

29,000 

1.08 

3.1 

4 

1300 

3.04 

7/76 

6/79 

24,800 

1.15 

11.4 

8 

2600 

3.20 

7/75 

6/79 

34,200 

0.88 

24.6 

8 

2600 

3.21 

7/75 

6/79 

35,000 

0.81 

25.1 

4 

1300 

3.21 

7/74 

5/76 







7/77 

6/79 

33,200 

0.88 

12.2 

BEZNAU 

2 (Switzerland) 






2 

700 

3.21 

9/73 

7/75 

19,200 

1.61 

4.7 

1 

300 

2.50 

10/71 

7/73 







8/74 

7/76 

20,800 

0.96 

2.8 

16 

5300 

2.78 

10/71 

7/74 







8/75 

7/76 

24,100 

1.02 

45.1 

12 

4000 

3.51 

10/71 

7/75 

29,200 

1.26 

36.1 

25 

8300 

3.22 

9/73 

7/76 

24,600 

1.30 

84.5 

11 

3600 

2.78 

10/71 

7/75 

26,000 

0.93 

31.7 

TAKAHAMA 1/2 








21000 




16,000 


130 

BUGEY 2 








16 

7300 

2.10 

4/78 

4/80 

14,400 

1.01 

40. 

NECKARWESTHEIM-1 

(FRG) 






1 

370 

1.90 

05/76 

07/79 

21183. 

0.59 

2.9 

8 

2950 

2.50 

05/76 

08/78 

24000. 

0.81 

24.3 

7 

2580 

2.50 

05/76 

08/80 

30000. 

0.59 

22.3 

4 

1480 

3.20 

05/76 

08/80 

29500. 

1.03 

12.6 

49 

18080 

3.20 

05/76 

07/79 

32418. 

0.90 

160.8 

1 

370 

3.20 

05/76 

08/80 

37400. 

0.71 

3.5 

14 

5170 

3.20 

09/77 

08/80 

29381. 

1.03 

44.5 
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UWR FUEL REPROCESSED AT LA HAGUE 
SEVEOTH CAMPAIGN 
1 MARCH 1983 - 30 JUNE 1983 


NUM- KGU- I%- 

ASBL TOTAL u235 


INSRT DISCH 

DATE DATE 


BURNUP D%- 

MfrJD/TE U235 


KG PU- 
TOTAL 


BCStSSELE (Netherlands) 


1 

310 

3.30 

4/76 

10/78 

30,500 

1.02 

2.7 

3 

940 

3.30 

4/76 

10/78 

30,500 

1.02 

8*1 

28 

8790 

3.30 

2/77 

10/79 

31,600 

0.99 

79.6 

12 

3770 

3.30 

12/77 

10/79 

24,200 

1.37 

28.2 

GUNDREMMINGEN-A 







4 

480 

2.40 

7/72 

1/77 

15,734 

1.12 

3.0 

34 

4120 

2.40 

6/75 

1/77 

10,013 

1.47 

17.5 

31 

3760 

2.41 

6/75 

1/77 

10,032 

1.48 

16.0 

27 

3270 

2.41 

10/76 

1/77 

3,021 

2.08 

5.2 

ISAR-1 








204 

37830 

1.94 

11/77 

4/80 

12,925 

0.95 

207.8 

STADE 








7 

2450 

3.18 

7/74 

3/79 

31,000 

0.95 

22.3 

18 

6290 

3.18 

6/75 

4/78 

30,340 

0.97 

56.6 

5 

1750 

3.18 

6/75 

3/79 

33,500 

0.84 

16.6 

4 

1400 

3.18 

6/75 

3/79 

31,000 

0.95 

12.7 

16 

5600 

3.18 

5/76 

3/79 

32,700 

0.88 

52.5 

TIHANGE- 

-1 (Belgium) 







1 

460 

1.95 

2/75 

1/78 

24,200 ' 

0.52 

2.4 

9 

4120 

2.55 

2/75 

1/78 

25,628 

0.78 

33.8 

6 

2740 

2.55 

2/75 

1/79 

34,500 

0.47 

26.3 

3 

1370 

3.20 

2/75 

1/78 

28,535 

1.07 

11.8 

9 

4120 

3.10 

2/75 

1/79 

33,700 

0.79 

38.6 

1 

460 

3.20 

3/78 

1/79 

11,700 

2.11 

2.2 
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CONCEPT, DEVELOPMENT AND RELIABILITY OF*. 
FRENCH CO 2 -COOLED REACTOR FUEL ELEMENTS 

D. BASUmf^ 


1. INTRODUCTION 

The natural la^nium-graphite-gas reactor series consists of 8 power plants 
in France, 6 of which are still in operation, and one reactor in Spain. 

The first, Marcoule G.2, whose first criticality took place in 1958 and 
that was shut down on February 1st 1980, had a capacity of 40 MWe. The 
last one to start up in 1972, EUGEY 1, is 540 MWe net. 

Lmrovements of the nuclear steam supply system have been accoii?)anied by 
successive transformations of the fuel elements which have now reached a 
hi^ degree of reliability. 

2. DESIGN AND DEVELORCNT OF FUEL- ELBENTS 

Before passing on to the power plant stage France had built an unpressu- 
rized air-cooled reactor, G.l, vhere spectacular deformations of the 
unalloyed uranium were observed. This fuel consisted of magnesium clad 
ttnalloyed uranium rods. 

2.1 . G.2-G.5 fuel element 

For power reactors it was necessary to define a not too deformable uranium 
alloy and a riadtling material behaving well under CO 2 at high temperature. 
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The choice of cladding material quickly settled on a low-zirconium (0.6%) 
magnesium alloy. Easy to transform, amenable to argon arc welding, ductile 
yihsii hot not very absorbent neutronically it possessed ^1 the 
essential qualities required. 

Its maTfimiin service ten 5 )erature still had to be proved cuUi^atible with 
the increased in-pile perfoxmance of the fuel elements. Tbis ten^)erature, 
set first at 400 *C, was gradually raised to SIS *C (Mg-Zr melting point : 
660 *C) while at the same time the longi tudin a l cooling fins gave way to 
herring-bone fins. 

Having given entire satisfaction this Mg-Zr material was kept for all 
other types fuel elements in the series. Its only disadvantage is its 
permeability to plutonium, a defect corrected by the interposition of a 
s thin graphite lining between the cladding and the fuel. 

FOr the uranium rods a relatively non-absorbent alloy SIO^AL FI (0.07 % Al, 
0.03 % Fe), defoiming little xmder irradiation, was chosen. 

2.2. CHINON 1 fuel element 

To increase the specific power extracted from the fuel element the rods 
were replaced by tubes . At given maximum uranium and cladding ten^jeratures 
it is possible to extract more heat per unit channel length from a 
mhiiiaT fuel than from a rod, vhich means that for a given reactor power 
the number of channels necessary is reduced. 

Since SICRAL FI is not mechanically resistant enough to withstand greep 
under coc 5 )ression a new alloy was needed for this tube closed at both ends 
by welded caps. A compromise had to be found conciliating neutron 
absorption, mechanical resistance and swelling properties, and an 0.5 % 
molybdenum - uranium alloy was finally adopted. 

The OCNCN 1 reactor, shut down after 10 years' service for economic 
reasons, was the first one designed with vertical channels in viiich the 
fuel elements were stacked directly one on top of another. The ends of 
the cans were thus subjected to considerable stresses, limiting the 
possibilities of this type of longitudinally finned fuel element. 

, .../... 
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2.3. CHINON 2 , CHINON 3, ST-LAURENT 1 tubular fuel elements 

To gain more specific power the uranium tube diameter was li^eased (43 x 
23 mm) and consequently the molybdenum content of the alloy had to be 
raised to 1.1 % to inqproye its mechanical resistance ; at the same time 
the can was fitted with herring-bone fins, the geometry of idiich has 
gradually been optimised through very detailed theimal studies in vMch 
the fin hei^t, profile shape, spacing and angle of inclination were 
varied. Moreover, the fuel element was housed in an individual graphite 
sleeve to limit mechanical stresses on the ends, each element supporting 
only its own weight. This arrangement has contributed greatly to the 
reliability of the fuel elements, especially at the time of handling vhich 
takes place under running conditions. 

On the other hand the resistance of this type of fuel was limited by creep 
in the uranixjm tube and end caps, and the alloy used was going to be replaced 
by a quaternary alloy, MOSNAL, containing 1 % Mo, 0.05 % Sn and 0.05 t A1 ; 
j\ist then however a new design of fuel was conceived, a timely event 
because MOSNAL, loaded in small amounts in ST-LAUFENT 1 , proved difficult 
to reprocess industrially. 

2.4. Graphite core fuel elements 

This kind of fuel element has the same geometry as the tubtdar fuel and 
the two are interchangeable, but the new version is different in 2 respects : 

- the graphite kernel from the casting process has been left inside the 
43 X 23 mm uranium tube (\dience its name "graphite core fuel element") 

- the uranium alloy is different : since the graphite kernel is there to 
take pressure stresses, the mechanical properties of the uranium can be , 
less stringent and the U-1 .1 % Mo alloy is replaced by SIQW. FI .already 
used for G2 and G3. 

Other coo^xsnent such as plugs, cans, sleeves are the same as those of the 
tubular element. 

These graphite core elements have three main advantages : 
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Whereas for the U - 1 . 1 I Mo tubular element the technological and 
neutronic limits are pratically the same (5 000 MWd/t) the graphite core 
element, vdiich uses a less absorbent fuel, offers greater neutronic possi- 
bilities. It was therefore possible to increase the fuel irradiation level 
to 6 500 MWd/t without overstepping the technological limits of the element. 

This represents a fuel saving of 30 i over and above the 20 i saved 
by the axial rearrangement of 3 elements out of the 15 contained in each 
reactor channel. 

2) Higher_woTking_temperatuTes_and_pressures 

The working ten^jerature of this type of element (tubular or graphite - 
core) is limited by the maviimnn tenqjerature admissible on the uranium. 

Owing to the presence of the graphite kernel this teaqjerature can be raised 
from 640 *C to 650 ®C and the 0)2 pressure from 26.5 to 28.5 bar, corres- 
ponding to a possible increase of about 12 % in the reactor power. 

3) Greater_safety 

Reducing -the' free voltime inside the element reflects to a large extent 
on how the oxidation of the uranium tube develops after a cladding failure 
The presence of the graphite core, chosen non-porous, is thus an important 
safety factor. 

Besides possessing these three advantages the graphite core element 
is siJi?)ler to manufacture than the tubular element and the fuel is therefore 
^ noticeably cheaper. 

For all these reasons this element was chosen for the first fuel load 
of ST-LAURENT 2 and YANDELLOS reactors and as replacement element for 
aHNON 2, CHENON 3 and ST-LAUREOT 1. 

2.5. BUGEY 1 annular fuel element 

To obtain even higher specific powers an annular fuel was designed^ The 
principle is to cool a large uranium tube by outside and inside cladding, 
»diich also means that no internal volume remains and high coolant gas 
pressures can be reached. 

• . •/ ... 
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For BUGEY the diameters of the SIO^AL FI uranium tube were fixed at 95 x 77 ran, 
providing 12 W/g specific power and high reactor power with few chaimels 
(2 900 channels for 1 700 hWth at ST-LAURENT 2 against 852 channels for 
2 000 MWth at BUGEY 1). 

This element took longer to develop. It was necessary in particular to bind 
cladding and fuel together metallurgically in order to avoid detachment of 
the inner can in certain thermal transients. This was achieved via an 
aluminivim layer deposited by Shoop process , vrfiich diffuses into the cladding 
and uraniijm to give a metallurgical bond. 

This fuel eventually proved almost as reliable as the graphite core element. 

3. RELIABILITY OF FUEL ELEMEOTS 

3.1. For 51 000 nominal fuel elements loaded in CHINGN 1 six cladding failures 
were observed, representing a failinres rate of 10/100 000. 

These foilvires were mainly caused by the stacking method of fuel element 
loading. 

3.2. Of the 211 400 nominal U-1.1 % Mo tubiilar fuel elements loaded 22 cladding 
failinres occurred, a failure rate of 10/100 000. These were largely due 

to localized inward tube deformation resulting from uranium creep. 

3.3. In spite of its enhanced perfoimances (maxiimm cladding ten^jerature 515 “C, 
mayimm uranium teii?)erature 650 “C, specific bum-up 6 500 MWd/t) the 
graphite core fuel only included 7 failures amongst the 466 000 elements 
loaded, i.e. 1.5/100 000. Manufacturing defects are responsible here. 

3.4. The aimular fuel element appeared slightly less reliable with 3 cladding 
failures for 76 500 elements loaded, vAiich represents a failure rate of 
less than 4/100 000. These again are due to manufacturing faults. 

The favorable trend of these figures has been obtained by in-loop and in-pile 
irradiations of experimental and standard fuel elements, examined afterwards 
in the CEA hot laboratories, and by strict supervision of their manufacturer 
COGBIA to maintain the same high standards throughout. 
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APPENDIX 5 
CELESTIN Data 
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HEAVY WATER TRITIUM/PLUTONIUM PRODUCTION REACTOR FUEL 

Celestin-1 diverged on 15 May 1968. Celestin-2 diverged on 
30 October 1968. These reactors were originally designed to 
produce tritium. They are heavy water reactors with a thermal 
power of 200 MVf each. The reactors do not generate 
electricity. 


The original fuel for the reactors appears to have been a 
PuAl alloy. It was reported that PuAl fuel from Celestin-1 was 
reprocessed in the second half of 1970 and that 50 kg of 
plutonium was recovered. Reprocessing of UAl alloy fuel from 
Celestin reportedly began in 1973. 

In 1976 the reactors "received a plutonium breeding 
vocation", like that of the G2 and G3 reactors. The same 
document, from the early 1980s, stated that the irradiated fuel 
was stored for "over 9 months". 
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APPENDIX 6 

Fast Reactor Reprocessing Data 
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FAST REACTOR REPROCESSING DATA 


MAROOULE; SAP plant - 10-30 kg/day capacity 


1975 

50 

kg 

Fortissimo MOX (30% Pu) 

14-76 awt 

6-17 

months cool 

1976 

1,650 

kg 

KNK 

002 

3.5-7 aiD/t 



1977-1978 

2,300 

kg 

Phenix 

002 

38-45 a-ro/t 

13-33 

months cool 

1979 

150 

kg 

Phenix 

MOX (18% Pu) 

37 aro/t 

10-30 

months cool 


220 

kg 

Phenix 

MOX (25% PU) 

36-65 GlfD/t 

14-43 

months cool 

1980 

840 

kg 

Phenix 

MOX (25% Pu) 

36-65 aTO/t 

14-43 

months cool 

1981 

780 

kg 

Phenix 

MOX (25% Pu) 

36-65 a/D/t 

14-43 

months cool 

1982 

9,000 

kg 

total ! 

reprocessed (inplies 3 t in 82) 



JAN-JUN 1983 

1,600 

kg 

Phenix 

MOX (25% Pu) 





CAP DE LA HAGUE 


AT-1 Plant 


(capacity 1-2 kg/day) 


1969-1979 


250 kg Rapsodie MOX (25% Pu) 
658 kg Rapsodie MOX (30% Pu) 
177 kg Phenix MOX (18% Pu) 


40-55 aro/t 6-12 mths cool 
50-120 GiJD/t 5-24 months cool 
8-44 aro/te 18 months cool 


UP2 Plant (by dilution with gas graphite fuel) 

JUN 79 2,200 kg Phenix MOX (18% Pu) 21-42 aJD/te 38-50 months cool 

OCT 1980 

-JAN 1981 2,100 kg Phenix 

OCT-NOV 1981 1,600 kg Phenix 
1982 0 

NOV-DEC 1983 900 kg Phenix 


25X1 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 



Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 

NOTICE: This material nuQ 
be protected by cofiyiigtt 
la«£Titiftl^U4>Cod«^ 

114 Reprocessing Technology 


bottles previously filled with mixtures ot'churcoal and graph- 
ite. 

Overall Dhs are measured b> j comprehensive monitoring 
system to assess the limits of the technical feasibility with re- 
spect to the cost of each proposed technique. The off-gas 
treatment plant is supervised from a central control room 
with computer-assisted operation. 

RECOVERY OF URANIUM AND PLUTONIUM 

The extraction part of the HLRMLS facility is housed in 
a second hot cel) complex consisting of ten hot cells divided 
in two main groups based on the fuel contents and on the 
activity of the treated solutions and in three analytical cells. 
Human intervention in some cells for maintenance has been 
kept as an option. 

Basically, the PUREX solvent extraction consists of code- 
contamination of uranium and plutonium from the bulk of 
the fission products, partition of uranium and plutonium, fol- 
lowed by final decontamination of uranium and plutonium. 
Solvent recovery and recycle is an important item in the 
facility as well as waste concentration, tritium removal, and 
concentration from the low-level liquid waste (LLW). 

Five to 30% TBP in kerosene is used as solvent in the de- 
contamination pulsed column. This column has three feed 
inlets to parametrically investigate the influence of the resi- 
dence time and the pulse conditions on the OF and oh the 
plutonium contents of the fission product tlow. The feed rate 
of this column is ^40 C/h and the feed solution is about I M 
in heavy metals. 

The choice of the partition column has not yet been de- 
fined and will result of the study of two possible reduction 
methods of Pu(lli) to Pu(IV): reduction by hydroxylamine 
nitrate or by electrolytic reduction. 

Final purification of uranium and plutonium is also per- 
formed in pulsed columns, the second and the third cycles 
being performed in the same equipment, with necessary 
rinsings between the two cycles. 

Fission products are concentrated in an evaporator, the 
distillate of which will be fractionated in LLW and recycled 
acid in a second evaporator. Climbing film evaporator types 
equipped with a stripping tower are used, and DFs of 10^ are 
expected. 

Recognizing that a sodium carbonate wash will probably 
he inadequate for washing solvent when used with such 
highly irradiated fuel and will generate too large amounts of 
waste, salt-free methods will be applied, such as the use of 
hydrazine carbonate. Other indispensable operations, such as 
rework of solutions and waste storage, received considerable 
attention in the planning stage. 

CONCLUSIONS 

The proposed HERMES facility has been designed under 
the following bases of selection; 

I . Minimum volume of waste i> generated through the use 
a standard Purex solvent extraction process with non- 
waste-reducing auxiliary operations and reduction of 
the cladding material volume 

3. Fluorides used in the system will concern only a little 
fraction of the fuel solutions and will he removed prior 
to the addition of these soUiiioiis in the main stream. 

3. Near-zero release of gaseous fission products to the en- 
vironment. 

4. Great versatility in the processes to be used in the ex- 
traction pari with the po>sihility of human interven- 
tion. 


2. Status of Fast Reactor Fuel Reprocessing in 
France, Jean Meg\\ Jean Sautcron, Michel Bour- 
geois (CEMCEM-France) 

INTRODUCTION 

The French program for the reprocessing of fast reactor 
fuels forms part of the logical implementation of this reactor 
system, in which the reactor has reached the industrial stage, 
passing through the following three main phases; 

I . Experimental phase, with the Rap.soJie reactor at 
Cadarache. The Rapsodie luel cycle has been closed several 
limes, thanks to the reprocessing of its fuel in the ATI facib 
ity at La Hague. 

Demonstration phase, with the Pht'nix 250-MW(e) re- 
actor at Marcoule. The Phenix fuel cycle is currently closed, 
thanks to the reprocessing of the core-2 assemblies in the 
Marcoule pilot plant (SAP = Service des Ateliers Piloies) and 
the reprocessing of the core-1 assemblies in UP2 Plant at La 
Hague. The TOR facility will serve to handle all the Phdnix 
fuels. 

3. Industrial phase initialed with the 1200-MW(e) proto- 
type power plant under construction at Creys-.Malville in co- 
operation with FRG and Italy. The PURR (Prototype d'Usinc 
de Retraitcment des Rapides-Fast Fuel Reprocessing Plant) i> 
under study for reprocessing of a small series of industrial 
fast breeder reactors, comprising Crc> s-Malville. 

The French research and development (R&D) programs, 
specific for fast reactor fuels reprocessing, are oriented to- 
ward the PURR project, the TOR project being one of the 
most important. 

FRENCH EXPERIENCE IN F.AST REACTOR 
FUEL REPROCESSING 

The quantities of fast reactor fuels reprocessed as of July 
I . U)81 . in the French facilities arc given in Table I. 

AT! I'ai'ility- La //jiruc. The ATI facility, specially de- 
signed to reprocess Rapsodie fuel w ith a capacity of 1 kg/da>. 
went on stream in and by July 1974. when it was 

definitively shut down, had reprocessed nuire than 1 ton of 
heavy metals Ironi mixcil oxides irradiated to a hurnup t>f 
120 000 M\^d;lon. and sometimes only slightly “cooleil ” 
(5 months, and 1.5 months fora small number of assemblies), 
thus achieving closure of the Rapsodie fuel cycle. Part of the 
reprocessed fuel (more than 150 kg) was obtained from 
mixed oxides of Phenix. 

AfarcouU' Pilot Plant ( SAPl. The .Ntareoulc Pilot Plant wa< 
adapted to reprocess last reactor oxides. It processed a batch 
of 50 kg ol highly irradiated fuel from Rapsodic/Fortissimo 
in 1475. a slightly irradiated but far larger batch (1650 kg) 
from the (*erman KNK reactor in 1476. and a more irra- 
diated (over 45 000 MWd/lon) batch of 2.3 Ions of PlnJnix 
enriched-uranium fuels in 1977 and 1978. It is currently re- 
processing Phenix plutonium fuels from core*: irradialeil to 
"^55 000 to 7(> (X)0 MWd ti>n and cooleil one year or more. 
Up to July I. 1981. nearly 3 Ions of Pln-^nix fuels have been 
reprocessed at a rate of ^ 10 to 20 kg day. 

However, due to the obsolescence of the present installa- 
tions and to their extremely limited possibilities in terms of 
capacity and R&D. the FOR project was launched. • 

VP2 Piant-La Havin' More than 4 tons of heavy metals 
of Phenix core-1 luels have been reprocessed in the UP2 plant, 
treated by dilution with gas-graphite fuel dissolving solutions 
after chopping and dissolution in IIAO Ihead end for light 
water reactor t LWR) fuels | 
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TABLE I 

French Experience in the Reprocessing of FBR Fuels 
(on July 1 , 1981 i 


UFACWRJi 

INITIAL 

COMPOSITION 

fXlRB 

Pu/U ♦ Pu 1 

AT.l (La Hague) 

BAP (Harcoule) 

UP^ (La Hague) 

IDTAl. 
QUANT ITT 

U « Pu 
(kg) 

Quant i ty 

U 4 Pu 
(hg) 

cwj/t 

oxides 

core 

Cool ing 
time® 
(monthn) 

hinnt 1 ty 

11 4 Pu 
(hg) 

owj/t 

oxides 

core 

(.'oo 1 i ng 
time'*’ 
(mtuillis ) 

Qiiaiti i ly 

U « Pu 
( hg) 

owj/t 

oxides 

core 

Cool ing 
Umc^ 
(nonlhs ) 

KNK 1 

enriched U 




1650 

3.5-7 





1650 

CORE 3 

enriched U 




2300 

30-'»5 

13-33 




2100 

'ITriAl. 

ENMICitKl) U 
niKir» 





3950 






3950 

ltAir«>ilME 

CORK 1 

25 

250 

•«0-55 

6-12 







250 

M'llTISUIMO 

30 

650 

50-120 

5-2*» 

50 

1»i-76 

6-17 




700 

niKNIX I’tJ 

CORE 1 

10 

177’’ 

0-Hli 

10 

150 

37 

10-30 

•il21 

21-h2 

30-50 

hhiiB 

HIENIX Fu 

CORK 2 

25 




2770 

36-76 

lli-«i3 




2770 

•IXITAL 

Fii FUELS 


1005 



2970 

1 


iil21 



BI76 

nri'AI. 

KItH MlElii 


1005 



R920 



Iil21 



121 26 


® Cooling time after exit from reactor storage. 
^Mixed-oxide only. 
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THE TOR PROJECT 

The TOR facility (Traitenient des Oxydes “Rapides'* 
“Fast” Oxide Reprocessing), with an annual capacity of 5 
Ions of heavy metals of fuels from fast breeder reactors, 
which is due to be commissioned at the end of 1983. will be 
a result of renovation, modification, and enlargement of the 
present pilot plant at Marcoule, The TOR project is designed 
to: 


1. increase the current capacity to enable complete clo- 
sure of the Ph^nix fuel cycle, with excess capacity 
available to reprocess fuels from Creys-.Vlalville or other 
foreign fast reactors |A contract was signed between 
Kernforschungszentrum Karlsruhe and the Commis- 
sariat a PEnergie Atomique (CEA) for the reproces- 
sing of the three first cores of the German KNK I! 
reactor. | 

2. increase the reliability of the equipment and the safely 
of the facility. 

3. considerably expand the R&D resources, to allow for 
experiments in actual service conditions of most of the 
techniques that will be used in the PURR facility. 

The TOR facility will include the following: 

1. A TOR-1 head consisting of new alpha-beta-gamma 
cells in which the head operations will be performed. There 
will be two parallel equipment lines: 

a. A main line designed to test the process and equip- 
ment on which experience in active conditions has 
already been gained on a significant scale and over 
long-term runs. This process line will serve to carry 
out reprocessing programs for Rapsodie, PInJnix, 
and for other customers. 

b. A set of experimental units that can be positioned 
on a bypass to the main process line, to test with 
real fuels the techniques and equipment intended 
for PURR (mechanical treatments, continuous dis- 
solution, clarification, gas treatment, treatment and 
packaging of solid wastes). 

TOR 1 will be built in the form of an independent building 
located near the present pilot plant, to which it will be con- 
nected to carr>' out the rest of the process. 

2. A unit called TOR-2, associated with finished products, 
and including particularly storage facilities. This unit com- 
pletes the arrangements begun in 1977 for the renovation of 
the final plutonium purification cycle and the liaison with 
the Marcoule UPl facility for the transfer of plutonium solu- 
tions. The possibility to add a denitration unit for R&D pur- 
pose is under study. 

- 3. Changes in present installations of the pilot plant in 
the existing cells (TOR-3) to insert a new first-pulsed column 
extraction cycle, a new fission product solution concentra- 
tion, and a new third uranium extraction cycle. 

Construction began in April 1980 for TOR-1, and decon- 
tamination of the cells associated with TOR-3 was initiated 
simultaneously. With the TOR facility, the CEA, in addition 
to the means of closing the Phenix fuel cycle, will possess the 
indispensable tool for long-term experiments, on a significant 
scale, of the reprocessing process, and for R&O on compo- 
nents in active conditions, to achieve the conlirmalion ol the 
options adopted for the PURR facility. 

THE PURR PROJECT 

The PURR project takes account of the reprocessing ol 
fuel from five l200/l800-MW(c) class reactors and. obviously. 
Creys-Malville and Phenix fuels, as well as those from the 
SNK-300. In the current stale of affairs, this means a maxi- 


mum capacity of "^130 lon/yr of heavy metals, with a plulo- 
nium production of 10 to lo ton/yr, depending on the type 
of fuel. • 

The project has been drawn up on the basis of a plant 
featuring a single reprocessing line and handling fuels in 
which the mixed oxide has a plutonium content helow • 
(Pu/U + Pu < 25 '.'^ ) and that have undergone maximum ir- 
radiations of 125 000 MWd/ton of mixed oxides and been 
cooled for at least one year. Using the preliminary proce^^ 
book supplied by the CEA in May 1980. COCiEMA/SGN and 
CEA teams are currently working on the preliminary project. 

R&D PROGRAMS 

The CEA, aware of the problems implied by adaptation 
of the PUREX process to the reprocessing of fast fucl>. 
mounted the necessary^ R&D efforts very early. At the pre.s- 
ent lime, the feasibility of fast reactor fuel reprocessing lias 
been largely demonstrated, at a significant scale (Table I), on 
fuels far more difficult to reprocess in most cases than those 
considered for commercial reactors: higher plutonium con- 
centration in the core, burnup at least equal to previous 
maxima, very short cooling time, poor storage conditions 
etc.). Hence, the CEA's R&D programs were aimed at adapta- 
tion to the industrial fuel reprocessing stage, with special 
emphasis on problems associated with the change in scale 
(high capacities and flow rates, high flux of plutonium and 
fission products, etc.), with a view to optimizing the overall 
system. 

The R&D programs on fast reactor fuel reprocessing are 
based on the PURR project, obviously drawing maximum 
benefit from the very important effort made for industrial 
LWR fuel reprocessing projects in the short term. 

The R&D programs were implemented on four levels: 

1. laboratory investigations (Fonlenay-aux-Roses) on in- 
creasingly irradiated fuels and on potential innovati()n^ 

2. chemical engineering (Fontenay-aux-Roses) to select 
the types of unit and to furnish the data required \\n 
their industrial extrapolation 

3. industrial, prototypes (Marcoule): development of all 
units in full scale in inactive conditions, with all their 
peripheral systems (gas treatment, waste removal) and 
with all the technology of the future operation (re- 
mote control, monitoring and regulation, servicing, aiul 
repair procedures, etc.) 

4. pilot plant (Marcoule); pilot plant runs at Marcoule on 
fast reactor fuels (Phenix) designed to try the processes 
and types of equipment intended for use in the plant 
in active conditions and over significant periods. 

The main objectives of the R&D programs arc linked to 
mechanical treatment (dismantling of fuel subassemblies, 
chopping), dissolution (continuous), clarification, extraction, 
elaboration of PuO,. and waste treatment. 

CONCLUSIONS 

Thus, the CEA continues to devote an intense effort to 
the reprocessing of fast reactor fuels, with the objective ot 
the construction of the PURR facility. The results have dem- 
onstrated that the aqueous method can be applied to these 
fuels: this is attested to by nearly ten years of operation ol 
the ATI facility that reprocessed Rapsodie fuel, and the ex- 
cellent results obtained on large batclies of fuels at tin 
Marcoule Pilot Plant and at UP2 Plant. 

This effort is also devoted to the passage to industri.i! 
scale, thanks in particular to the testing of industrial pruU)- 
lypes and the launching of the TOR project, which will make 
it possible to reprocess fast reactor fuels on a significant scale 
from 1984 onward, and lo provide major supplementary sup 
l>ort for R&D. 
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(FRANCE) RAPSODIE 

RAPSODIE REACTOR 

PURPOSE: Engineering test DATE OF INFORMATION: May 1964 


GENERAL 


1. RMctor type 

Fast br*«d«r biflhly anrichod (60%) uranium 

ond plutonium, dapitlad uronium blanket, sodium 
cooled 

6. Owrser and 
operator 

EURATOM — CEA Fast Neutrons Association 

Projet neutrons ropides. Section de conduite de 
RAPSODIE 

2. Nominal reactor 
power 

20 MW (th) (17 MW in tora, 3 MW in blanket) 

6. Dasionar and 
builder 

EURATOM-CEA Post Neutrons Associotion 

Groupement Atomique Aliocienne Atlontique ond 
vorious firms of the European Community 

3. Purpose 

Engineering test, operolion eRpariment, fast reactor 
physics, fast reoclor fuel irradiation , 

7. Present status 

A construction 
schedule 

Under construction 

Stort of construction iuly 1W1 

Reactor critical 1966 

4. Location 

Centre d'6tudesnucl6airesde Codoroche (Bouches«du 
RhOne) 




REACTOR PHYSICS Wft m At J 


8. Neutron energy 
and lifetime 

Half of fiuions O.AO MeV 

9/10 of fissions 0.02 MeV 

Lifetime 8x 10~* sec 

10. Neutron flux 

X^TOMW : Post max. 2 x 10“ n/cm* sec 

Post ov. 1,25 X 10“ n/cm* sec 

9. Core parameters 

Not ovoilabte 

Neutron leokoge core to blanket: S6% 



• 

11. Reactivity 
balance 

Not ovotlable 


CORE 


12. Shape and 
dimensions 

Cylindricol. 38.7 cm diam. x 34 cm high 

18. Average power 
density in core 

420 kW/iitre (in core) 


19. Burnup 

30 000MWd/l (expected) 

13. No. of channels 
& subassemblies 

53 sub*ouemblies in core, 550 in blonket 

20. Fuel loading 
and unloading 

Unloading by meons of rototing plug odjusted to 
bring looding chonnel in position 

Loading cotk comet in position above loading chan* 
nei. Cask rcplocei used Bub*ostembly by o new one, 
ond transfers the used element into seoled cannister 
which it carried into a pool by onolher cask 



14. Lattice 

Hexagonal 

Pitch 50.6 mm 

21. Irradiated fuel 
storage 

Pool outside reoctor building, room for 189 core sub- 
assembly cannisters and 756 blanket sub-osscmbly 
connistert 


35.7 kg »»*Pu 



IS. Critical mass 

3,9 kg *«Pu 

67.3 kg »»*U 

22. Moderator 

None 


45.4 kg »U 



16. Core loading at 

Fissionable material 173 kg UO|+ PuO^ 



rated power 

Fertile blanket 8370 kg UO, 



17. Average specific 
power in fuel 

115 kW/kg (UO,+ PuO,) 

23. Blanket gas 

Argon 


FUEL ELEMENT 


24. Form and 
composition 

UO,-t PuO( pellets 

Composition UO^: 74 wt.%, PuO,: 26 wl.% 

Uronium enrichment: 60% 

26. Cladding 

Type 316 L SS cladding, 0.45 mm thick. He bonding 


Plutoqium enrichment: 10% 

UO, pellets for blanket 

26. Subassemblies 

37 pins per tub-aucmbly in fuel section 

7 pins per sub-ouembly in blanket section 

Hexagonal section. 49.8 mm between poralltl faces, 
1664.5 mm overolt length 
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SODIUM OUTLET 


UPPER AXIAL 
FERTILE REGION 





FERTILE ROO 


SECTION: A-A and B-B 


FUEL ASSEMBLY 


SECTION* C-C 


NEEDLE 
SUPPORT GRID 


FISSILE 
REGION CORE 


UOa-PoO, 
FtlEL ROO- 


LOWER AXIAL 
FERTILE REGION- 


FERTILE ROD- 



HEUCOIDAL 

WIRE 



OUTLET PIP INC 
NORTHERN 


NEEDLE 

SUPPORT GRID 


LARGE BEO-n •/.; 
SMALL 


WMm 




WALL 

^SAFFTV VFFCr 


SAFETY VESSEL 
•SIPHON DE-PRIMER 




NEEDLE 

SUPPORT GRID 



iliil 


-INLET PIPING 






REACTOR VESSEL-^- 


SODIUM CONDUIT- 











-EXTERNAL ENVELOPE 

-IONIZATION chamber 


■ OUTLET P1PMG 
. "SOUTHERN 




'SODIUM INLET 


HORIZONTAL SECTION REACTOR RAPSODIE 


lAEA-RcsMTch R.~ RAPSODIE 
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-ORWE OF SMALL 


CONTROL ROD DRIVE f-ORiVE OF LARGE 
MECHANISM I ROTATING PLUG 


PLUG SUSPENSION CYLINDER 
PLUG SUSPENSION- 
IONIZATION CHAMBER- 


LARGE ROTATING PLUG- 


OVERFLOW PIPE- 


SOOIUM SAMPLING PB»E- 

OUTLET PIPE- 
OUTLET PIPE APPENOIX- 


SOOIUM LEVEL DETECTOR- 
NEUTRON SHIELD 


FERTILE ASSEMBLIES — 

FUEL ASSEMBLY SUPPORT-J 


thermal BAFFLES- 
DOUBLE SMELL- 


POSITIONAL MONITORING 
ROD- 


METALLIC HEAT LAGGING- 


CONCRETE BIOLOGICAL 
SHIELD- 


GRAPHITE WALL- 


-PLUC COOLING DUCT 


-CONTROL ROD 
GUIDES 


-SIPHON DE-PRIMER 


-SOOlUM MLET DUCT 


-CORE CAP 
-REACTOR VESSEL 



-SIPHON PIPE 


-FISSILE ASSEMBLES 
-CONTROL ROD GUIDES 
-MAIN CORE- GRID 


-SODIUM DIFFUSION 
CONE 


-Safety containment 


-GRAPHITE COOLING 
DUCTS 


CONCRETE COOLANT INLET 


CONCRETE COOLANT OUTLET 


VERTICAL SECTION REACTOR RAPSODIE 
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27. Hast transfar 

eraa 

Total area; opprox. 14.03 m* 

28. Naat flux 

Av. 117 W/cm» 

Max. 165 W/cm* 

29. Fual alamant 
tamparaturaa 

Mox.fuel: 2000* C 

Max. cladding: 635* C 

Film dr^, av.: 17* C 

30. Haat transfer 
coefficient 

1 j 6 col/cm* sec deg C 

31. Coolant Row 
area A valocity 

Total orea for core: 347.5 cm* 

Av. velocity: 4.6 m/tec 

Mox. velocity: 5.4 m/sec 





36. Control, rogu- 
lating and 
Mfoty rods 


37. Ro»ctr¥lty 
oddition roto 


I 4 rodt, boron corbidt, cjriindrtcal 45C mm 

long 

2 r«Quloting rodt, boron carbid*, cylindrical 450 mm 
long 

A k 

Worth of roguloling rodt: 0.17% — 

Spssd of thim>faf«ty rods: up 0.2 mm/toc 

down 1 mm/Mc 

thui'down 1 m/MC 

Sp«ed of rogulottng rodt; 

1 cm/g*c — 2.5 X 1 0~* % /fc 


2Ax10~*%-^/m 


38. 8cram time A 
mechanism ' 


38. Sensitivity of 
auto, control 


40. Temperature 
coefficients 


41. Burnable 
poison 


42. Other control, 
safety A shut- 
down provisions 


Magnetic clutch, gravity foil spring attitfad 
Delay time; 0.1 tec 
Rod trovel time : 0.3 toe 


No outomatic control 


itothermol — 3% *--^/deg C (in most peuimistic case) 


in control rods, corresponding to 7.24*'^ ' 







43. Form, material 
and di mansions 


46. Raflactor 


47. Radiation lavalt 


REACTOR VESSEL A OVERALL DIMENSIONS 


Cylinder, type 316 L. SS. 1600 mm diomotor 


44. Working, design A 
fast pressuras 

Working pressure: 2 kg/cm* 

Design pressure: 4 kg/cm* 

46. Reactor with 
ahiaiding 

8 m diom. x 14 m high 



Noturol UO, SO cm thick 

Bionket UOf pins, $5 clad, sodium eoolod 


REFLECTOR AND SHIELDING 


48. Shialdins 



25 mr/hr at full power in limited occen area * 

Lets than 2.5 mr/hr ot full power in permonsnt 
access areo 


Sides : 60 cm heot resistant boroted concrete + 1 25 cm 

ordinary borated concrete 
Bottom : some os on sides 
Top: 165 cm boroted concrete + 65 cm tteel 

Nitrogen cooling 

Temperatures: moK. in ordinory concrete 70'' C 

max. in heot retistonf concrete 2(X} C 





■:9 




■; 1-^ 

a 

5 .''A 


| 4t. Type and 
material 


61. Raactor end 
buHding 


62. Support 
lacilitiaa 


Cylindricol shell with hemispherical head ond Hot 
bottom, 25 m diom. x 44 m high 
Wolt thickness: tides 26 to 32 mm 
top 12 to IS mm 
Working pressure: K g/cm* 

Test pressure: 2.4 kg/cm* 

Leokage: 0.1%perdoy 


CONTAINMENT 


80. Surroundings 


Ue/Ufteseorch R..— 6AFSODIE 


COST ESTIMATE 



Low populotion density rurol orea 

Nearest village ot 6 km 

Nearest town (10000 inKobitonts) at 20 kif 




63. Operating coats 

Not avoiioble 

64. Staff raquira- 
manta 

9 engineers 

64 technkions 

11 administrative people 
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adaptes aux grandes dimensions des Elements combustibles. Au cours des annees 1971, 1972 et 1973, 
ces moyens ont mis en place et rendus op6rationnels au Laboratoire d'Etudes des Combustibles 
Irradies (LE.C.I.) de Saclay pour le transport, le stockage et la t^lemanipulation ainsi que pour les examens 
des crayons combustibles ou des assemblages irradies. 

(D.M.E.C.N. - Departement de Technohgie, Saday} 

D I FILIERE DES REACTEURS A NEUTRONS RAPIDES 

1. R^ACTEUR EXPERIMENTAL RAPSOPIE ^ 
a) Exploitation 

Le reacteur a fonctionn^ r§gulierement pendant les six campagnes d'irradiation qui se sont d6roul§es 
en 1973. Le milliard de kWh a ete d6passe en decembre. Le facteur de charge moyen pour Tannee a 6t6 
superieur d 65%, avec des valeurs par campagne comprises entre 74 et 99%. 



Le «Traitement Centralise des Mesures et des Signalisations» ayant eu quelques defaillances, il a 
decide de remplacer cet ensemble par un nouveau calculateur, lequel doit etre operationnel en 1974. 



JEPF 10* MWh 



Rapsodie — Distri- 
bution du taux de 
combustion au 
1 5 decembre 1 973. 


Energie extraite de 
Rapsodie au 31 d6- 
cembre 1973. 
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(FRANCE) PHENIX i 


PHENIX 


PURPOSE: Prototyp* Poww Production DATE OF INFORMATION; June 1969 


[ * 

GENERAL 

1. RMCtor typa 

Plutonium and dapietsd uranium, steel and depleted uranium 
reflected, sodium cooled, fast breeder type 

6. OwneHs) 

Commissariat & I'^nergie atomique (CEA) 

2. Numtwr of r— cton 
in th* |>Unt 

1 

7. Oparstino 
autfiority 

Electric! ti de France (EOF I 

8. Dastgnarft) 

CEA. EDF.GAAA 

3. Ra^ output 
par raoctor 

Gross thermal 563 MW 

Core 507 MW 

Blanket 56 MW 

Gross electrical 250 MW 

Net electrical 233 MW 

Station use 6.8% 

9. Main oontractor(s) 

Not available 

10. Construction 
aehaduta 

Start of construction Dec. 1966 

Reactor aitical 1973 (planned) 

Z^c 73 

4. Nat afficiancy 

41.4% 

5. Location 

Marcoule. France 

11. Prasent status 

Under construction 


REACTOR PHYSICS 

12. Mean nautron 
anargy 

Fast, 2 to 300 keV 

16. Nautron flux 

Max. 7.6 X 10'* nW s 

13. Prompt nautron 
IKatima. 

4X 10'’ t 

17. Excess reactivity 
to compansata for 

Temperature and povser 1% 

Burn-up (for 50 days’ run) 1 .06% 

14. Cora paramatars 

Not availabla 

18. Maximum excess 
reactivity but)t in 

Not available 


-4.3 X 10'*% ^/degC 

15. Convarsion ratio 

! 

j 

Conversion ratio (interrsal zofw) 0.54 

Breeding ratio (total) 1.16 
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j W.S, -v-v... ^ v" I I I wHj o movin^ xnrougn • uuioo in voon atmoiphere 



103 fuel as$«nfU>liet in two zones, &S in central zone. 48 in radial 29. Itradwtad fuel 
zone gtoraaa 

90 fertile assemblies in Wanicat 


26. Avaraga poaw 
darahy bi fuel 


26. Awaraga core 
power dansrty 


Triangular 
Pitch 12.4 cm 


Initial: 735 kg *’*Pu equiv. 

Equilibrium: 728 kg aquiv. 


4160 kg fuel or 840 kg ^**Pu equiv. 


604kW/kg ”Vu 


80. Rarfuaiimg schema 
and achadula 


Storage voual adjacent to reactor vassal, filled with sodium, 
tamp. 150“C, capacity for 100 fuel arxd fartila asiemblias 


6 times annually, each time replacing 15 to 1 7 fuel assamblias and 
8 to 1 1 fertile aswmbiies 
Down-time lOh 


31. Arrangamantfor Not available 
raproc assi ng 



Av. 31 400 MWd/t OKida 
Max. 50 000 MWd/t oxide (initial) 
100 000 MWd/t oxide (planrwd) 



33. Blanket gm Argon, press. 1 kg/cm^ 




84. Form and 
eocnpositiofi 

Centre! and radial zorw: PuO, and UO, pellets. S.S-mm diam., in 
tubes, active length 85.0 cm, total length 189.3 cm 

Blanket: UO, pellets, 12.6-mm diam. 

Depleted (0.2%) uranium 

Enrichment in Pu (PuOj (PuO, + UOj)] in central zone 19.2 vol.% 
In radial zone 27.1 vol.% 

Plutonium contains 20% 

36. Fuel etasmblv 

Central and radial zone: 217 fuel elorrwnts per assembly 

Blanket: 61 fertile elenwnts per assembly 

Assembly has • hexegonal crosS'tection, 12.37 cm across the flats, 
total length 4.3 m 

36. Cladding 

Stainless steel type AISI 316. in central artd radial zone 0.45 mm 
thick . in blanket 0.50 mm thick 



CORE HEAT 

TRANSFER 


37. Heat transfer area 

Per fuel assembly 3.82 m’ 

Total 394 m’ 

43. HMttrwwftr 
eoeffieiaiit 

■ 

13.8 W/cm* degC 

38. Haet flux on the 
fuel element 
•urfaoa 

Av. 143W/cm* 

Max. 208 W/cm^ 

44. Cooisiit mass flow 
* rota at rated powsr 

Through the core 2760 kg/t 

Per fuel assembly max. 25.7 kg/s 

av. 22.7 kg/t 

39. CootentlHm 
temperature drop 

7degC 

46. Cootsnt 
tamparetumi 

Inlet 400*C 

Outlet SGO^'C 

4a Fuel alamawt 
CMnparvtuits 

Max. cladding 700**C 

46. Coolant pressuru 

j , ’ 

Inlet 7.6 kg/cm* 

Outlet 1.0 kg/cm* 

41. Coolam flow eraa 

Per fual assembly 41.6 cm’ 

Totel 4300 cm* 

' 1 

47. Hotohaniwl 
factors 

} 

Temp, drop through dadding 1.17 

through film 1.47 

Tamp, rne in coolam 1.2 

42. Chwsnal aaiocitv 
of the oooiant 

Av. 6.6 m/s 1 

Max. 7.4 m/s 

4a Provision for 
shutdown haot 

(a) steam ganarator 

1b) amargency circuit 
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49. Baric ooRtrol 
fMtum 

Control rods 

52. Scram time aid 
typecri mechantom 

Delay time 0.2 % . 

Rod drop tima 0.6 a 

50. Control. ifutotinQ 
and vafaty rods 

6 ufety rodi 

6 shim rods, annular, boron carbrda or tantalum, activa ten^th 

9.5 cm . 

63. Automatic eontrol 

Not available 


Total iwonh of riiim rodi 6% ^ 

54. neactWty 
ooeffktewti 

Temperature -4.3 X 10**% ^/dtgC 

Power -1.3X 10'*% ^AtogC 

Doppler (815"CI -36 X 10^% ^/degC 

51. Max. rati otf 

rMcOvlty addHkm 

Not avaitabla 

66. Othar rinitdowfi 
proviriofu 

Not availrisie 


REACTOR VESSEL 


56. Formand 

Cylindrical primary vtsmi. 6.76 m diam.. oontaintng tha core, 
control rodi and lateral neuUon shield 

Cylindrical main vesisl. 1 1.8-m i.d. X 1 1.S m ht^. eontainino tha 
primary vessel, the intermediate heat axchengan. the sodium pump 
and the fuel wemfer pipe 

Wall thickne« of main vessel: 3Scm 

59. Raactor vaoel and 
cladding matartalt 

Not availeble 



60. Prassuras and 
nominal atr«M 

Not availeble 

57. Wall tamparatuta 

Max. 58(f C 

Max. tamp, pradient 5 dag C/cm 





61. Tharmcl irautatson 
and/or tharmal 

A double enveloping vessel, surrounding the main vessel with an 
interspace of 10 cm. covered on tf»e ouuide with a heei-reiistant 

68. Iiiiaqratad naotron 
flux 

Not eveilMile 

riiWd 

metallic layer. 2.6 «n thick 


FLUID FLOW 


62. Heataxehangm 

6 intermediate haat exchangers, one stage, extended surface 465 m* 

each 

sodium on prirrwv side sodium on secondary sii^ 

Inlet temp. 560“C ^ C 

Outlet temp. 400 C 650 C 

3 steam generators with superheaters 

Water inlet temp. 246*C 

Steam outlet temp. 612“C. press. 168 kg/cm 

88. Primary coolant 
purtf icetion end 

tosses 

Cold trap purification system 

87. Primary coolant 
decomposition end 
recombination 

Not applicable 


58. Secondary drtuK 

Sodium coolant in 3 loops. 3 vertical pumps, low speed 250 rev/min. 
high speed 975 rev/min, power consumption 770 kW per unit 

Sodium flow rate in steam generator 2210 kg/s 
in superheater 1215 kg/s 

63. Primarv eireuit 

800 I sodium 

64. Primary cimilt 
P»pi»*6 

Not available | 

69. Safety features of 
the cooling system 

(a) Integrated system: pumps, core end intermediate heat ex- 
changers are located in the same vessel 

(b) The sodium primarv circuits are covered by a neutral gas 
atmosphere 

(c) Sodium and water are separated from ei^ other by at least 

2 walls 

(d) The steam generators are equipped with veou and isolating 
devices for the event of sodium-water reaction 

65. Pumptor 
circukBton 

3 vertical pomps, with a total capacity of 2760 kg/s, 

low speed 250 rev/min. high speed 975 rev/min, power consumption 

975 kW per unit 


70. System for 
detecting fuel 
element fellufes 

Monitoring primary sodium coolant after leaving the fuel channels 
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7Z fihWdingMid 
ndMon IsmIs 


74. S)tt«nd 
•ufTOUfHfingi 




3 types of tubes surrounding the core, redietty outwards: 

(a) 216 hexegonei tubes, filled with iron bars 

(b) 175 drcular tubes. 12.4-cm diam., filled with graphite 

or steal bars 

(c) 761 circular tubes, 15.8-«m diam., filled with graphite, borated 

(paphite or stMl ban 

Concrete at sides, top and bottom, with a routing plug at top 
Overall dimensions 14.04-fn diam. X 15.48 m high 



SAFETY AND CONTAINMENT 


Located adjacent to Marcoule Centre, between highway artd Rh5ne 78. Airangement, 
river, distance to nearest town 2 km miieriali vid 

Radius exclusion area 0.2 km dimamiona 

Population within 20-km radius 250 000 
Locaud in earthquake zone 


Rectar>gular concrete building. 26 X 42 m. 35 m high 
Wall surrounding the core 2 m thick, upper part 0.26 m thick 



Wording press. -5 g/cm' underpressure 
Resisunt to an overpressure of ♦40g/cm* 



Reactor building with controlled leakaga raw 


7& Leakagirala 




H.P.. I.P.-high temp.. I.P. ♦ L.P. end L.P., 250 MW, 
3000 rev/min 


Steam flow 761 t/h 

Inlet tamp. 

Outlet Un^. 
inlet press. 

Outlet press. 


HP-steam 
610*C 
308*C 
166 kg/cm’ 
37.9 kg/em’ 


IP- and IP-fteem 
610’C 
28“C 

33,4 kg/cm^ 
0.038 kg/cm* 


80. OenertiDr 

One generator, 296 MV A, 3 phates. 20 kV. hydrogen cooled 

OI.CofidMHr 

One surface type condenser, exhaust press. 0.034 kg/OT* 

Cooling water flow rati 33 600 t/h, inlet temp. < 22 C, 
outlet temp. < 30*C 



•i - 

• . 

5 

! • ’ ' 
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(FEDERAL REPUBLIC OF GERMANY) KNK 


KOMPAKTE 

NATRIUMGEKOHLTE 

KERNREAKTORANLAGE 

PURPOSE: Power experiment 

DATE OF INFORMATION: May 1 966 






t. Rocictor typ* 


2. Number of 

rooctorg Im plonf 


B. Ilotod eotpof 
p«r rooctor 



4 Not olf i doocy 


t. Location 



ft. Nowtron onoi 
ond llfotlmo 


'12. Coro poromotors 


11. Convortion ratio 


Hodium onrichod (6%) urontum. circonium hydrid* 
modorotod. No cooiod 



Gross hoot 56 MW 

Groo •locfricol 21 .35 MW 

Net electricat 19.1 MW 

Self-coftsumpHon^ 10.5 % 



Nudeor Reseorch Centro, KoHsruhe, Federol Repub- 
lic of Germony 



Ti 

1.929 

r 

0.769 

p 

0.692 

c 

1.231 

koo 

1.264 

kdf 

1.145 

L» 

54 cm* 

T 

51.5 cm* 

B* 

0.0424 cm* 


6. Ownor and 
oporotor 

GesellscKoft fOr Kernforschung. Korlsrwhe, Federo) 
Repubik of Germany 

T. Deslpnore 

biterolom. Bensberg near K6ln 

il Main controcton 

•! f ' ■ ' . 

inlerotom. Bensberg near K6tn 

5 

9 . Protont stotvs 

Under conttruction ^ 

10. Construction 
schodwio 

Stort ol construction 1966 

Reactor critical 1970 

Full power operof ion 1970 

PHYSICS 

14. Neutron flux 

Ihernsol everoge 2^69 •: 10** n/em* t 

lost overage 14 Kl0**n/cm*s 

overoge 

: radial 0.56 

. maximum 

averoge _ 

: oxtol 0.73 

maximum 

IS. Kxcest roocttvity 
to compensate for 

Temperoture a9% 

Xe and Sm at rated power 3.9% 

Bumup 10.9% 

Void 1j6% 

111, Moximum excess 
reactivity 

10.*% ■ j..f. 

17. Temperature 
coefficient 

Fuel Operoting temperature 

— 14 X 10^ %^/deg C -94 x 10“* % ^ /deg C 

Moderator 

+ 7.*x10-*%"/d.8C +8.18>c10-*%^/d.gC 
Codont 

— 5 X 1(r* %~ /deg C -6 x 10~* % ~ /deg C 




lAEA-Power R._KNK 
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CORE 


It. Shop* Olid 
difiMiitckMis 

Cytindar, 1175 mm diom., 1050 mm high 

2S. •vmop 

10 000 HWd/t 

It Number of 
chcuinols and 
subi«SRombllo« 

t1 chonnais ' . 

24. Pool ioodlfig 
and iMdoodlng 

Off lood rafualling 

at. LoHic* 

Trkuigulor 

27. Irrodiatad fval 
sloroga 

120 availobla posittons below sodium 

21. Critical moss 

Not available 



22. Core loading of 
rotod powor 

1.91 UO, 

20. Rafualling schadula 

635 kg U every 10 months for 10 000 MWd/t burnup 
or every 6 months for 4000 fiWd/l burnup 

23. Avarog* specific 
power in fuai 

30.S kW/kg 

29. Modarator 

2.57 t sirconium hydride (Zr H|.y) 

24. Avaroga powor 
donsity In core 

SI kW/iitr« 

30. Btonkat gas 

Argon 


FUEL ELEMENT 


32. aedding 

X 8 Cr Ni Mo Nb 14 13 0.3 mm thick 

31. Sub-assambliat 

None 


CORE HEATTRANSFER 


34. Hoot tromfar 
area 

13 450 cm* per fuel element 

90 m* totol 

40. Haal transfer 
cealficlant 

S8000kcol/m*h 

33. Heat Hax 

Average 1S.2 cal/cm* s 

Moximum 41 .4 col/cm* s * 

41. Coolant mass 
flow rota 

Through core 240 kg/s 

Maximum per fuel element 73 kg/s 

Average per fuel element 34.5 kg/s 

34. nim tamparotvra 
drop 

10 dagC 

42. Coolant 

tamparaturas 

Inlet 341® C 

OuHef SSI® C 

37. Pwal alamant 
famparataras 

I 

Mosimum fuel . 251 5® C 

Maximum cladding 580® C 

(. ' 

43. Coolant pratsuras 

Maximum 5.3$ kg/cm* 

Ml CoakMit flow oraa 

29 cm* per fuel demant 

44. Hot channol 
factors 

Temperature drop through fuel 1.13 

Temperature drop through clt^ding 1.08 
Temperature rbe in cooiMt 1.24 

It. Oiassnai aalodty 

! « ' 

Avaroga 2J mf% 

43. Shiit>down hoot 
ramayol 

Air cooling in secondory sodium system 
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CONTROL 


M. Sosic control 
f«otwrM 


47. Control, 

rogwiotlnfl ond 
•ofnty ro^ 



SO. Scrom tint« < 
mochonism 


Dftlay tim* 1 • 

Rod drop by gravity fall 


1 rogulating rod B^C. sfointasft-stoat dad, ol»o vtod os 
iMty rod, 1050 mm octivo longth 
0 shim rods B 4 C, stoinloss^stool dod. oUo usod os 
waMy rods, 1050 mm octivo longth 

Totol worth df rogulating and shim rods 10% 

Spoodof shim rods t mm/t 

Spood of roguloting rods 4 mm/s 


ft. Sondtivlty of Automatic control offoctivo of 30% powor lovol 

owtonvotic control 


52. Tomporetvra 
cooffkiontt 


4t. Othor control 
footuros 


49. Rooctlvlty 
oddition roto 



S3. Bornoblo poison 


54. Othor shut-down Nono 
provisions 



FLUID FLOW 


SS. Hoot oxchongort 

2 sodium-fodium heat exchangers 

210 m* surface each 

Moximum Maximum 

pressure temperature 

Si. Pumps or 
circulators 


Primary sodium: 5,35 kg/cm* 551® C 

Secondary sodium : 6.5 kg/cm^ 539^ C 

59. Coolant losses 
ond purificotion 


40. Decomposition 

M. Primory circoit 

2 loops 

ond recombination 



41. Cooling systom 

S7. Primory circuit 

Material : 10 Cr Mo Ni Nb 9 10 

safety 

piping 

Diometert: 200 ond 400 mm 

42. Fuel failure 
detection 


2 mechanical free lurfoce pumps driven by 2200-kW 



REFLECTOR AND SHIELDING 



44. Rod lotion tevol s 


4$. Shielding 

Radial thermal shield made of type 10 Cr Mo NI Nb 9 

10 steel, 160 mm thick 

^ ' -v' . 


4 

44. Shield cooling 
orrongemottt 
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REACTOR VESSEL AND OVERALL DIME N SION S 



47. Form. mat«riol 
and dim«n»ion« 

Cylindor 1900 mm diam., 10 155 mm high, wall thick* 
non 16 mm 

Matorial 10 Cr Mo Ni Nb 9 10 

70. Enginooring 

feofurot of rooctor 
vo«mI 

Oporoling tomporoturo 

Coolonf Row rot« 

Coolont inlet temperature 

Coolant outlet temperoture 
Modulus of elasticity of steel venel 
at operating temperature 
Coefficient of thermal expansion 
ot operating temperoture 

SSI^ C maximum 
}K434tNa/h 

361“ C 

551“ C 

16 500 kg/cm* 

Ux10-^/degC 


' 

s "I" » • ■ 

j 

! - It 

■ -n 

i 

i 

1 

i 

1 

i 

i 

1 

1 

[ 

1 

i 

4B. Working, dotlgn 
ond tott proscuro* 




t 

1 

i 

1 

47. Reocfor with 
thiolding 

3800 mm diom. 





TURBOGENERATOR 


75. Turbine 

. 

' ■ , ; • ! * 

1 condensotion turbine \ 

Steam condrtiooi: prtdBure 80 kg/cm* . ■ ^ : If 

temperature $05“ C ^ 

5 preheaters 

Turbine efficiency fincluding preheoteri); 37% 

77. Cenerotor 

> ■ 

1 three phase synchronous generator, 32 000 kVA 
cot 9 0.8. 6300 V, SO Hi. 3000 rev/min 









76. Condoneer 

1 condenser 

exhouft pressure 0.051 kg/cm* 

cooling woter temperature 31“ C 

78. Sub-etation and 
grid 

' • r** 


1 

i5-‘ ' y . 


t . 

f •/ 

MS ■» 


• ' A ' ' • i * 
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STEAM 
GENERATOR 


PRIMARY SODIUM 
OVERTURN PUMP 


* SECONDARY. 
/T^ SODIUM 
OVER TURN 
' PUMP 


SECONDARY 

SODIUM 

CIRCUIT 


0" 


PRIMARY SODIUM 
OVERTURN PUMP 
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1 
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xo 

X 

UJ 


-1 
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25 
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PRIMARY 

SODIUM 
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PRIMARY 

SODIUM 

CIRCUIT 



SECONDARY _ 
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SECONDARY 
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FEED 
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FEED 
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n 


L. 



PUMPS (3)M> 


PRE- 
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"■J * t 


Scte and will constitute a valuable'source of data and expenence for designing future plants, ,,i 


HISTORICAL 

BACKGROUND 


i£S53Ki£.=SSr3=SSSS8 

ahead with the TOR program. i~ A 


■■ 7i ^- ' ’"ti; “ .“J 


description 






L7L“oSTSS^'5!'sS^ fn,m «» sap pW ».d PAUippPd 

controllld” V and y cells deSgned for mechanical processing, dissolution and clarification for both 

throughput and R & D purposes ; , ^ « 

«-hci THP P fariiitv fnr finished products and uranyl nitrate storage . , • 

. C SI toS 3 ficility. consisting 5 the existing plant modified and completed by the followir^g 
^ a new first extraction cycle. , . _ 

4 *^”!: a new fission product concentration unit. 

'■ -’f-'i a hew uranium third extraction cycle. - 

4. Transfer systems between TOR 3 and TOR 1. ‘ 

TA7^v.on-lin8 analysiastations. . - 
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TOR PROJECT 


Posstole 

extension 



Fast breeder fuels 
(pins) 


EXISTING PILOT FACILITY 


First U^P 
jxtraction cycle 
A/ith separation 


U P 1. transfer 
(Pu Nitrate! 

Pu 02 storage A 


Second Pu 
extraction cycle 


II conversion 

"•OP 2 I 


Third Pu cycle 


,ssion product 

y Second U 

^centration 

y extraction cycle 


u ivlitrate 
storage 

■nqplp^orJ I Fnriched 


rOR 1 New head -end (new building) 
SAP Existing and reused sections 
IVlodification to existing SAP 
Research and development 
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2. RELIABILITY 

The question of reliability involves both equipment quality and optimum operating and maintenance 
procedures. . :: 

2.1. Equipment Quality 

' The main TOR line will only use equipment either already qualified for active service in the SAP or 
pretested in the TOR test facility. All materials used wi| have been tested for corrosion resistance 
and equipment will be built in compliance with the requir^ quality assurance criteria. ; ; 

2.2. Optimized Operating Procedures 

On the basis of 20 years of experience with the SAP, the TOR plant is a completely new d^ign 
that minimizes down-time during maintenance period and contamination hazards. 

Operational hazards are reduced at the design level by provision for waste circujatlon Inside red 
zones, i,a without any cask transfer in maintenance areas, and by on-site conditioning of a|L 

technological and process wastes. 

^ Extensive use is made of remote handling systernsana servicing provisions. ; “ 
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TOR1 MAIN LINE 





SOLD AKD UQUD RJNCTOSIAL CRCUL/^ 

■■M* MochETB^ 

■■■■I Chenicel 


Qal 304 Cask urioadlig tack 
416 fHJel8to^8g^ 

418 M a chBric d pr^trea tm ar t 

411 Batx::h cfissolLitiGn 

412 OortnjDus (feacijtnn 
406 Hul uidli o i ii y 
409 VStete cordtianing 

408 Wtete (xitarar tren^ CGTrictar 
414 CSarifcabon 

409 OBi fc aam and efftjBrt; stzrage 
421 Martananoe c orri d a- 

401 nama^l c orridor 
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3. RESEARCH & DEVELOPMEIUT PROVISIOIUS - / : ; ; • ^ 

R & D facilities have been integrated in the TOR plant in two lareas^:. the pr^ction Una and waste/ 
processing and conditioning ^ ‘ ^ 4V' 

3.1. Production •--■'•qc:: r- ^ ‘ -v' 

Mechanically, the production line was designed according to a rnodular concept based on component 
interchangeability and allowing testing of new equipment " ^ 

From a chemical standpoint the plant was designed so that a number of subsystems can be 
connected to the main line: these include provisions for cohti^^ (DCH). pulsed filter •/ 

clarification and iodine trapping: ; ; * > n , xi. • 

The final design is the result of a number of> tradeHDffs-betweeh the; operational advantage of having . 

“-the R fii l>sectioirfuH^indepefKtent of thernainHinerai^ biJdgetaY:or^spac«'limitations that prev^ - 

excessive redundancy. . > ^ 

The R & D subsystems wfll be operated under radioactive conditions on actual fuel after pnor ' : 
inactive operation before being connected to the main process lineiThe corresponding main line / 
module will then be shut down and placed on star^^ to resum^pperation in the event of 
a malfunctionn in the test R & D unit / 

3.2. Waste Processing and Conditioning 

Internal storages will be provided to separate the waste processing and conditioning operations from 
the production line. Cells with extensive remote handling systems will be provided to develop new 
techniques under active conditions ; e.g. solidification* of solid wastes (cladding hulls), cutting up and 
conditioning of scrap material for removal fronVthe^site in suitable form for shipment to a permanent 
storage facility. . 
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CONSTRUCTION 


CONCLUSION 


The TOR plant is being constrOcted by an integrated work force consisting of CEA personnel from 
the DERDCA (Applied Chemistry. Wastes and Reprocessing Research Divisiort and personnel 
from the Soci6t6 G6n6rale pour les Techniques Nouvelles (SON). The program is headed by a 
CEA project chief and an assistant from the SGN. ■ 

' ■ K ' 

The TOR facility Is designed not only for demonstrating fast breeder fuel reprocessing techniques 
but also for designing and qualifying new active processes and equipment. This will be achieved 
through long reprocessing campaigns and by extending the facility with research and development 
units related to new processes or technologies. ; " 







• ! 



■ ^ Vi' 


j ' 
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Lml — 6.10 . C«tl S.404 (insertsi 
Working area 


Test building 215 
Slab undergoing test 
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3 w- H O The first extraction cycle and the fission product concentration in TOR 3 have been installed in a SAP cell 
recovered after decontamination and dismantling. 

This cell was uppered by one meter (tightness and shielding of the box). The works in controlled area have 
been limited thanks to a 10-ton prebuilt module concept for the chemical installation. 



cefi roof (raised) 
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ll\iDOOR VIEW POST THE REmOVED CELLS 
FOR TOR PROJECT 
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APPENDIX 7 

Translations from CEA/COGEMA Reports 
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PLUTONIUM PRODUCTION FROM REPROCESSED FUEL, 1957-1970 
Paris CEA ANNUAL REPORT 1957-1970 in French 
[1957, pp 35-36] 

[Excerpt] The industrial operation of the G1 reactor 

(industrial architect; la Societe des Forges et Ateliers du Creusot - SFAC) 
began 21 January, 1957, after checking the effectiveness of the repairs resulting 
from the incident that occurred at the end of 1956. A break in the cladding of a 
uranivim fuel element had caused the partial combustion of this fuel element. In 
February, an incident in the electrical network feeding the blowers caused two 
motors to go out of service and the reactor to operate at reduced power for 
several weeks. In June, tests made it possible to define a cladding shape from 
which a clearly improved heat exchange coefficient was expected. At the 
begirming of the summer, the reactor was shut down for the first active 
decladding tests. The reactor then resiuned its operation with a utilization 
factor on the order of 92 percent# 

The experimental power plant runs smoothly, supplying 1200 to 1500 kW of 
electricity. This current is considered only as a recovery of energy, making it 
possible to study the design of the future large electronuclear power plants, 
because the main function of G1 is to supply plutonium. 

1 
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The decladding lines perfected in July and August 1957 were able to assure the 
decladding of more than 300 inactive fuel elements by 20 September. The 
decladding operation on the first active G1 fuel elements began on 24 September. 
Because of the deformation of the spent fuel elements, difficulties arose which 
forced the modification of the machines. For the most deformed fuel elements, 
the decision was made to perform storing and decladding under water, an operation 
requiring construction of a pool which was completed on 20 December. 

The civil engineering work on the G2 reactor ended. During the second half of 
the year, work began on the assembly of internal mechanisms of the chamber, on 
carbon dioxide lines and electrical installations. The chamber was finished and 
the prestress cables were stretched. The internal assembly of the chamber was 
very far along and stacking of graphite, whose machining was completed in 
October, can be undertaken in the first quarter of 1958. 

The first G2 criticality is planned for July 1958. It will be followed by hydraulic 
tests of the G3 chamber, then by pneumatic tests of the chamber and circuits of 
G2. This procedure, which seems slightly complicated, saves, because of the 
similarity of the reactors, the hydraulic testing of the G2 chamber and makes it 
possible to gain considerable time. G2 should be set up by the end of 1958. 

The repercussion of the budget constraints for the year on the G3 planning should 
considerably increase the gap of six months initially planned between the 
criticality dates of the two reactors. 

Each of these two plutonium reactors will provide an electrical power production 
widely exceeding the needs of the Marcoule Center: on the whole, 50,000kW will 
be brought to the EDF grid. 
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The industrial architect of the two twin G2 and G3 reactors is the Societe 
Alsacienne de Constructions Mecaniques (SACM); as such, it assumes coordination 
of the implementation studies, the controls, assembly and tests. The member 
companies of the Groupe France-Atome are participating in the G2 and G3 
construction they participated in those of the previous G1 and EL3 reactors. 

[1959, P 35] 

V. Plutonium 

[Excerpt] To obtain, in the desired time, the amount of plutonium required by 
the AEC civilian and military program, a very tight schedule had to be 
maintained, 1959 being the first year of significant production. 

Plutonium is formed in the uranium rods of the Marcoule G1 and G2 reactors during 
their operation. 

The extraction of the plutonium comprises essentially three phases s decladding 
of the fuel elements; extraction itself; and purification and transformation into 
metal, completed by recovery of the metal contained in the slags. 

[1959 P 37] 

1 . Decladding of G1 and G2 Fuel Elements 

[Excerpt] Since the chemical separation process for plutonium is not able to 
adapt itself to dissolving — at the same time as the mass of fuel — the magnesium 
claddings which surround it during its irradiation in the reactors, a decladding 
operation, intended to extract the uranium from its cladding, must be performed 

3 
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between the exit of the fuel from the reactors and its entry into the chemical 
processing plant. 

An entire load of uranium from the G1 reactor was decladded in the so-called 
"pilot decladding" installation between 23 February and 31 August 1959. The fuel 
elements were stored under water for three months to allow the radioactivity to 
decrease. The daily capacity for decladding continued to increase. This pilot 
installation is now in the process of disassembly, as a resiilt of the final 
decladding installation intended to process the G1, G2 and G3 fuels going into 
operation. 

Several dozen tons of G2 fuels in containers were transported hydraulically by an 
underground pipe to a storage pool. During the "cooling" of these fuel elements 
in the pool, inactive tests of the decladding shop followed one another before 
introducing the active fuel there. 

The production operation began on 25 October and was completed on 28 January, 
I960, for the first unloaded lot of G2. The rate of production was interrupted 
by incidents which indicated the need to make modifications in the installations 
which will be undertaken during the interruption of the decladding corresponding 
to the shutdown of G2 for several months. 

At the same time, the pits for unloading and decladding of the G1 fuel elements 
were equipped. 

2. Extraction and Purification of Plutonium 

The plant for extraction of plutonium (industrial architect: Saint-Gobain) had 
been started up in July 1958, but the shop for purification of plutonium was 

I 
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still xinfinished. This shop was ready on 15 January 1959 and only at that time 
could the manufacturing be resumed, this time by linking extraction and 
purification. The experience of the second half of 1958 had made it possible to 
define the modifications whose validity was also confirmed by the Geneva 
Conference in September and which were applied at the beginning of 1959. The 
main points of these modifications related to circuits of solvents for the main 
extractions and the ion exchangers for purification of the plutoniiim. 

But it was found that improvement of the rate of the dissolution shop was 
essential, which was obtained as a result of new modifications made during a 
shutdown in the operation from 4 May to 6 June. At the purification shop, the 
first ingot of metal was obtained from oxalate on 20 February under satisfactory 
conditions. But there again, improvement of the rate proved necessary; it was 
obtained as a result of multiple modifications of detail made from the month ... 

[1959 PP 83-85] 

III. Reactors for Production of Plutonium and Power • 

A. G1 Reactor 

[Excerpt] For the Marcoule G1 industrial \init, 1959 was marked by two essential 
facts: 1) intensive operation from January to September, interrupted by monthly 
unloadings of fuel and 2) the preparation and execution of the annealing of the 
graphite stack from 25 September to 9 December, 1959. 

Except for the time necessary for the unloading of the fuel elements and for the 
annealing of the graphite, the G1 reactor ran at a 97 percent operating rate. 
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The unloading operation was performed at a rate of one unloading per month for 
the first seven months of the year; it was marked by a single incident. 

The preparation for the annealing began during the unloading operation in the 
form of operations for core samplings of graphite and of tests on the blowing 
circuits. The graphite samplings indicated a stored energy greater than 
anticipated and resulted in the shutdown date for the reactor being moved up to 
25 September, 1959» 

After preparations and preliminary tests, the operation began with a nuclear 
preheating. Then, turning the heaters on caused the thermal shock that brought 
about the start of the annealing which ended adiabatic, then blowing of air was 
resumed. This operation gave satisfactory results. 

At the same time as restoring the reactor to order after annealing, a revamping 
of the thorium network was performed to modify the flatness of the flux, and 
thermocouples were placed in the mass of the graphite, experimentally, in two 
channels. The flatness of the fliix provided a gain on the order of 8 to 10 
percent to the power output. The graphite mass thermocouples make it possible to 
have readings on the temperature of this mass up to the vicinity of the air 
intake slot. 

On 9 December the reactor was started up again for a new production operation 
which in the normal course of events should be completed in mid-1960. 

B. 02 Reactor 

The set up of the Marcoule second reactor, begun at the end of 1958, was completed 
at the end of April 1959. The circuits and installations as a whole were tested 

6 
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cold and vmder air pressure for a long time to allow them the delicate and 
meticulous adjustments. Then, after filling the circuit with 500 cubic meters of 
carbon dioxide of nuclear purity up to a pressure of 12 kg cold (or 15 kg for the 
power tight reactor), the hot nuclear tests and the set up began. 

One of the last phases of the set up was the "adjustment of the gate valves" 
which makes it possible to adjust the flow from each channel to the neutron flux 

that it undergoes. 

During this entire operation, the prestressed concrete chamber, a huge cylinder 
with a wall 3 meters thick, 14 meters inside diameter and 18 m long— this 
exceptional structure which constitutes one of the main original features of G2- 
performed in an entirely satisfactory manner* 

Since 22 April 1959, the G2 turbogenerator group has delivered current of nuclear 
origin over the lines of the general EDF grid. The compressors of the reactor, 
driven by steam turbines are fed directly from heat exchangers made famous under 
the name of "atomic millipede." The thermal power output of the reactor has 
reached its nominal value of 200 megawatts and the electric power delivered has 
exceeded 28 megawatts. It had been decided that the design of G2, plutonium- 
generating reactor, would be such that the unloading of the spent fuel and its 
replacement with new fuel elements could be done with the reactor working, which 
had not yet been done in any country. This unloading operation with the reactor 
working was performed successfully starting on 20 July, 1959. 

However, an incident necessitated the shutdown of the reactor during which 
various modifications were performed which had been proven necessary during the 
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first months of operation, particularly on the inside of the chamber for the flow 
of the carbon dioxide gas. 

With these various tests ended, the preliminary operations for a new filling of 
carbon dioxide gas in the airtight enclosure began on 23 November. After a 
general inspection for the detection of a break in claddings, the power output of 
the reactor was gradually raised at the same time as the pressure of the carbon 
dioxide gas. The thermal power output of 200 megawatts was again reached, 
starting 10 December. This second period of operation has shown the effectiveness 
of the modifications made on the inside of the chamber to make a hot spot 
disappear. The input temperature of the carbon dioxide current in the peripheral 
channels was able to be raised to reach that of the center of the core (140 to 
145 degrees). 

The magnesium-zirconium alloy claddings of the fuel elements have been completely 
satisfactory. 

On 14 December, a handling error having caused the melting of the cladding of 
several fuel elements, the reactor was immediately shut down. 

C. G3 Reactor 

For the G3 industrial unit, 1959 was the year of the final assembly, the first 
tests and the installation of equipment and personnel before the set up. The 
industrial architect of the two Marcoule twin reactors G2 and G3, was the Societe 
Alsacienne de Constructions Meceiniques (SACM). The member companies of the 
Groupe France Atome participated in the construction of G3; they participated in 
those of the preceding G1 , EL3 and G2 reactors. 
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On 1 January 1959 the civil engineering was nearly completed. A large part of 
the machines and pipes were in place. The concrete chamber was also ready but 
empty. January was especially devoted to stacking of the graphite. At the end 
of the stacking, the chamber was finally closed and the last prestress cables 
stretched . 

At the same time, the assembly of the large pipes for carbon dioxide being used 
for cooling was completed and they were tried at a pressure of 24 kg per square 
centimeter. With the airtight enclosure completed, new tests were performed. 

The G3 reactor went critical on 8 June, 1959. Various tests for blowing mild air 
were performed in July, August and September on the fully loaded reactor to 
determine the modifications to be made, both for G2 and G3, to improve the gas 
flow and to eliminate a hot spot. The corresponding modifications were made both 
on G2 and on G3. Simultaneously, various modifications were made to the 
detection of cladding breaks. 

The test for resistance of the overall installation to an air pressure of 24 kg 
per square centimeter was performed successfiaiy at the end of December. 

[i960, unnumbered page] 

V. - Plutonium 

[Excerpt] Urged on by the requirements of the military program, the production 
of plutonium at Marcoule in 1959 made use, as much as possible, of the G1 reactor 
whose industrial amounts of spent uranium were reaching maturity before those of 
G2 and G3 which were to be set up only in 1959 and I960 respectively. 


9 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 


On the other hand, the plutonium extracted in I960 came exclusively from the G2 
and G3 reactors. 

A. Decladding of the Fuel Elements of G2 and G3 

Since the temporary installation in which the G1 fuel had been decladded in 1959 
was finally abandoned, the new shop ... 

[I960, pp 117-118] 

[Excerpt] ... the pressure tube are interposed a guide tube and a thermal 
insulator intended to prevent excessive heating of the pressure tube. The study 
of these two elements is under way. 

The location of the reactor was selected in I960 at the site known as 
Monts-d'Arree (Finistere), property of EDF. 

The first work was done there. Soil testing and various hydraulic and 
meteorological studies made it possible to define the limits of the terrain 
accurately. The AEG will be the tenant at the site of the construction of EU. 
If the system proves advantageous, EDF will construct the following reactors. 

Ill - Reactors for Production of Plutonium and Power 

A. G1 Reactor 

For the entire year of I960, G1 operated without interruption other than the one 
corresponding to an unloading operation in autumn. 

This quite remarkably smooth operation, combined with the fact that no shutdown 
for release of Wigner energy accumulated in the graphite stack was necessary in 
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i960, made it possible for G1 to break its annual production record considerably 
this year with a figure of 300 million kWh thermal. 

A new type of fuel elements for uranium began to be loaded in the reactor in 
October. This type, comprising a magnesium cladding with 18 longitudinal cooling 
fins instead of 8 for the former cladding, is intended to replace the former fuel 
element model entirely. It will make it possible to assure the operation of the 
reactor at the same power with three cooling air blowers in service instead of 
four. 

The observation, by sampling of graphite cores, of the conditions for the 
accumulation of Wigner energy in the G1 stack made it possible to clarify 
considerably our knowledge of this important phenomenon for the graphite- 
moderated power reactors whose development in France will be assured by the EDF 
reactor . 

B. G2 and G3 Reactors 

G2 and G3 are graphite-moderated natural uranium reactors cooled by carbon 
dioxide under a pressure of 15 kg per square centimeter. The nuclear part of each 
reactor is enclosed in a prestressed concrete chamber. 

Supplying the reactors with carbon dioxide has sometimes been difficult because 
of sjiippiug problems and competition with the other users of this gas 
(particularly breweries). An effort was made to reduce the gas leaks as much as 
possible and in fact, during the year, was quite successful. Further, additional 
storage of liquid carbon dioxide placed under construction in I960 will be 
completed in 1961. 
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[1961 t P 36] 

5 . Plutonium 

[Excerpt] Plutonium continued to be regularly produced in 1961 at the Marcoule 
Center. If it could be said that I960 was the year this plant reached maturity, 
1961 was the first year of full production, the year which saw the plutonium 
extraction plant draw alternately from the spent uranium stocks from the three 
G1, G2, G3 reactors the last of which did not begin substantially to unload its 
fuel until the end of I960. 

A. Decladding of the Fuel Elements 

Further improvements made to some installations of the decladding shop during its 
shutdown periods in 1961 make it possible now to anticipate its completely smooth 
running to meet the demands of the dissolution shop of the plant. 

One of these improvements consisted in equipping the third and final pit 
available for the decladding of the G2 and G3 fuel elements with opening and 
decladding machines. The capacity and the operating safety are thus considerably 

increased. 

Moreover, an expansion of the decladding building built in 1961 facilitates the 
handling of the drums of spent uranium and, in addition, will allow the possible 
reception, decladding and processing at Marcoule of fuel irradiated in the EDF 

reactors at Chinon. 

[1961, pp 98-99] 

2. Reactors for Production of Plutonium and Power 
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A» Operstion of the Reactors 
1 . G1 Reactor 

[Excerpt] Replacement of fuel elements with 8-fin claddings with those of the 
18-fin type which can be done only slowly, as the fuel of this specific low-power 
reactor matures, led to a certain reduction in the operating power of the reactor 
in 1961, a year marked also, on 4 June, by a particularly successful operation 
for release, by annealing, of the Wigner energy of the graphite stack. 

The experience of the first two operations performed respectively in 1958 and 
1959 made it possible to reduce to 25 days the time for the shutdown of the 
reactor for the third operation of 1961, whereas the first two had caused 
operating interruptions of 105 and 75 days. 

The operation of the reactor remains entirely satisfactory. 

2. G2 and G3 Reactors 

These are now the "big producing" Marcoule reactors and their performances for 
1961 approach approximately the maximum that is expected of them. 

The fuel cladding has continued to show exceptional qualities which are indicated 
particularly by an extremely reduced frequency of claddings breaks that require 
the unloading of the corresponding fuel element. In the very rare cases of 
observed cladding leaks, the system for detecting cladding breaks always 
functioned with excellent speed and sensitivity which made it possible to avoid 

any harmful consequence. 
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Improvements continue on the chambers for unloading the fuel and on the locks for 
the plugs of the uranium channels which should result in the elimination of 
several difficulties still encountered on these two important categories of 
mechanisms. 

Finally in 1961, the two reactors were able to operate for long periods at a 
thermal power 15 percent greater than the maximum power for which they were 
designed. 

The EDF power plants associated with the G2 and G3 reactors have operated 
normally. 

[1962 p 34] 

5 . Plutonium 

[Excerpt] The production of the Marcoule plutonium extraction plant increased 
considerably in 1962. 

This result, which was subject to a prior improvement of the rates of production 
and of unloading of the G2 and G3 reactors, is connected moreover to the gradual 
elimination of various limitations of capacity and to the development of 
intervention methods and maintenance work in a highly contaminated atmosphere. 
The experience acquired during preceding years directed the efforts of the 
operators mainly on the shop for the dissolution of uranium. The nature of the 
processed fuel elements, the conditions for carrying out the dissolution 
operation limit the life of some pieces of equipment of this shop. It is 
therefore necessary, either to modify their characteristics to prolong their 
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service life, or to provide for their periodic replacement as a preventive 
measure . 

The development and execution of these operations, which are made particularly 
delicate by the radioactive contamination of the shop and the equipment it 
contains, however, have made it possible to assure a satisfactory continuity in 
the operation of the dissolution and to improve considerably its overall 
efficiency. 

Simultaneously, the decision was made to construct a new dissolution shop 
scheduled to go into service in 1964. This decision has led to conducting 
studies and to performing experiments, which have proven decisive, on a 
continuous dissolution process which will be considered both for the dissolution 
shop of the La Hague plant and for the new shop at the Marcoule center. 

The extraction sequence used since the beginning has worked extremely 
satisfactorily, which confirms the value of the design of its batteries of mixer 

decanters. 

A new purification shop, whose construction had been decided in 1959, was put 
into industrial operation in 1962. Its production characteristics, homogeneous 
with those of the future dissolution shop and of the second modified extraction 
sequence, from now on assure the desired production safety. 

[1962, pp 108-110] 

2. Reactors for Production of Plutonium and Power 
A. Operation of the Reactors 
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1 . G1 Reactor 

[Excerpt] Regularity of operation is one of the dominant characteristics of this 
reactor. Built in 1955-1956, set up in 1957, it is ending its sixth year of 
industrial operation in 1962. On 31 December 1962, it reached a maximum power 
of 42.5 MW, the power released during the year being 12,392 MWd, or a total of 
59,630 MWd since the beginning of operation. 

The objectives which were initially assigned to it — fast supply of a 
significant amount of plutonium, testing of a new technique on an industrial 

scale led the builders to consider operating characteristics which have been 

greatly exceeded by the G2 and G3 reactors. 

Despite its modest yield from now on in relation to these latter, it is kept in a 
normal operating state. Actually, it supplies the production contribution 
necessary to satisfy the expressed need; on the other hand, it makes it possible 
to gather useful teachings, particularly on the long-range behavior of the 
graphite moderators. Thus, the measurements made on the samples removed during 
1962 made it possible to slow down the speed of the operations for release of the 
Wigner energy by annealing. 

Tests were made on the shape of the fuel: the old fuel elements with 8 fins were 
fully replaced by fuel elements with 18 fins to improve the uranium -air thermal 
exchange . 

The unloading installation has undergone profound modifications which make it 
possible to increase the safety and the speed of the operations for unloading and 
for conveying the spent fuel to the storage pool. 

16 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 


The G1 production was thus slightly improved in 1962. 

2. G2 - G3 Reactors 

As far as these reactors are concerned, 1962 was marked by serious progress, on 
the one hand, in the matter of loading and unloading of the fuel, and, on the 
other hand, in the matter of production. 

The fuel used during the first years of industrial operation — since 1959 for G2 
and i960 for G3 ~ became gradually deformed under the action of the irradiation, 
then causing difficulties during unloading operations. Several solutions had 
been considered to eliminate this defect. Tempering the uranium rods before 
cladding — the solution finally accepted — has been performed on an industrial 
scale since the beginning of I96I. 

But 1962 was the first year when the reactor fuel w-as fully composed of rods 
processed according to the process indicated above, a process which furthermore 
had been improved in the meantime. 

On the other hand, various pieces of equipment being used for the unloading 
operations umderwent modifications which improve safety and efficiency. Thus, 
the loading chambers and the locks for the channel plugs were changed or 
modified. 

The loading operations since then are performed under excellent conditions and at 
an improved rate. 

Moreover, the operating regularity of the reactors is also considerably improved 
and a more accurate knowledge of the conditions and operating characteristics 
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have made it possible to bring the thermal power of each reactor from 210 to 
235 MW since the beginning of 1962. 

Studies which were continued during the year, dealing with a suitable improvement 
of the neutron flux inside the reactor, make it possible to expect a new gain of 

about 15 MW. 

In conclusion, although improvements are still possible or necessary, 
particularly in the field of maintenance for the refrigeration circuit, it can be 
considered that the results of 1962 confirm the advantage, for a plutonium- 
generating reactor, of the horizontal arrangement of the channels and of their 
loading and unloading while operating. 

B. Study and Design of New Reactors 
Studies of Systems 

1 . Pressurized Gas - Graphite - Natural Uranium System 
a) EDF Nuclear Power Plants 

The AEG continued to provide its assistance to EDF for the three EDF 1 , EDF 2, 
EDF 3 power plants under construction at Chinon. 

1 . EDF 1 Power Plant 

The EDF graphite stacking, performed under the responsibility of the AEG, was 
completed at the end of March. The first criticality of this reactor took place 
on 16 September with a reduced load: loaded 365 channels out of a total of 

1 , 148 . 
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In addition to its intrinsic value, this test made possible a final adjustment of 
the measuring equipment which will be used during the tests which will precede 
the set up. The AEG provides its cooperation to the EDF for the preparation and 
use of these tests, which will deal with the reactivity balance of the cold and 
hot reactor, and the effect of the control rods on the distribution of the 
neutron fluxes; the AEG, in particular, has studied a method for fast measurement 
of the flux by semiconductors. 

[1963, PP 35-37] 

5 . Plutonium 

[Excerpt] The Marcoule plutoniiim extraction plant had to face the increase of 
the power of the reactors and certain quality requirements which considerably 
increased the amount of fuel to be processed. 

Two bottlenecks appeared, limiting the capacity of the unit: the shops for 
dissolution and purification of plutonium. While a new purification shop decided 
on in i960 was put in service in May 1962, the "new dissolution," decided on in 
1961, is being assembled; the first tests will begin in the beginning of 1964 and 
the active operation toward the middle of this same year. 

The other shops have succeeded in following steadily increasing work rates and 
in 1963 greatly exceeded the estimates of 1959 and i960. 

However, since the Marcoule plant has to be able to process, before the La Hague 
plant is put in operation, spent fuel from the EDF reactors, it was necessary to 
develop the possibilities of certain shops and to align the rest of the plant to 
the capacity of the new dissolution. 
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To increase the capacity of the extraction sequences, it was decided to shut down 
one of the existing lines for a year for modification, which was able to be made 
without causing a delay in production. 

The increase in the number of lines for concentration of the fission products is 
also doing well. 

Finally, the increase in the uranivun concentration capacity has ended. In 
addition, the alkaline storage of the fission products was replaced by an acid 
storage in stainless steel tanks and the continuous precipitation of plutonium 
oxalate was achieved. 

During these works, it was able to be found that the initial idea according to 
which the most active installations could never again be approached by the 
personnel was mistaken. 

Actually, all the necessary operations in the most contaminated rooms were always 
possible. Sometimes they necessitated long, hard work because the well-known 
"permanently walled" installations had been designed originally with no concern 
for arranging them favorably for the interventions. From then on, this teaching 
of experience has been taken very much into account and the new installations are 
arranged to facilitate any later intervention. 

The waste processing station, the last link in the chemical chain, has succeeded, 
at the price of some installations, in absorbing the increase in active wastes 
that the industrial vinits produce at an ever increasing rate. The most original 
idea being developed is the concentration of radioactive mud and coating it with 
tar. 
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[1963, PP 110-111] 

2. Reactors for Production of Plutonium and Power 
A* Operation of the Reactors 

1 . G1 Reactor 

[Excerpt] Operation of this reactor located at Marcoule has continued regularly 
for seven years. 

The fourth Wigner annealing operation of the graphite stack was performed 
satisfactorily in October 1963. It caused only a ten day shutdown, much shorter 
than during the preceding annealings. 

A 10 percent power gain was obtained starting in November 1963, as a result of 
the temperature increase of 25 degrees C (300 degrees C instead of 275 degrees C) 
authorized on the claddings of the fuel elements. 

2. G2 - G3 Reactors 

The improvements made in 1962 to the operation of these reactors, also located at 
Maircoule, were confirmed in 1963* 

The known advantages of pre stressed concrete chambers were verified by usage: 
ease of construction, possibility of high internal pressures; intrinsic 
nonexplosiveness; in the case of G2 and G3, noninjected cables giving the 
capability of permanent checking of their voltage and particularly making their 
replacement possible. An original device for instantaneous measurement of the 
voltages by means of dynamometric wedges having a vibrating string that are 
placed under each cable head makes it possible to measure very quickly, from a 
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centralized control station, the voltages of the 160 cables of each reactor. 

The capacity of the loading and imloading system while operating notably exceeds 
the initial expectations both in tonnage handling and in the number of channels 
that can be unloaded daily. In particular, it makes it possible to maintain a 
permanent optimum arrangement of the network of the absorbents of the reactor and 
thus to bring the average practical power considerably closer to the theoretical 
maximum power. 

The production of electricity has benefited from the increase in the temperature 
of the carbon dioxide. It normally reaches 80 MW for both reactors (plus 3 MW 
for G1), making possible, after deducting the consumption of the Marcoule Center, 
an export on the order of 65 MW on the EDF grid. 

To increase plutonium production, every effort was made to improve the effective 
thermal power of the reactor while approaching as much as possible, the 
acceptable maximum temperature in the uranium and on the claddings. A new 
asymmetrical arrangement of the absorbent elements made it possible in particular 
to improve further the power of G2 and G3 which reached 258 MW. 

B. Study and Design of New Reactors - 
Studies of Systems 

1. Pressurized Gas - Graphite - Natural Uranium System 
EDF Nuclear Power Plants 

The AEC continues to provide its assistance to EDF for the studies, development 
and startup of the Chinon EDF 1, EDF 2 and EDF 3 power plants, for the Saint- 
Laurent-des-Eaux EDF 4 power plant and for the studies of future EDF power plants. 
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a) EDF 1 Power Plant 

While the first criticality took place in 1962 with a reduced load, in 1963 an 
important experimental program was carried out on the fully loaded reactor, a 
program in which the AEG actively participated and which made it possible, in 
particular, to measure the neutron characteristics of the network, the efficiency 
of the control rods and the distributions of power in the core. 

The set up took place in June and EDF announced on 14 June the first linking of 
the power plant to the grid. During this set up and until the end of the year, 
the AEG participated in the systematic tests performed by EDF. 

The behavior of the fuel elements have given no difficulties so far. The AEG, 
however, is studying particular improvements which will be made to the elements 
of the second set. 

b) EDF 2 Power Plant 

The hydraulic test of the chamber was conducted successfully and according to 
expectations at the beginning of 1963. The graphite stack was assembled during 
the last quarter. A test group was made up and the AEG will participate in 1964 
in the initiation tests under the same conditions as for EDF 1 . 

The nuclear computations were resumed taking into account the experimental 
results obtained on the critical Marius stack; they have made it possible to 
define the first load of the reactor which will comprise, in particular, several 
channels loaded with the fuel provided for EDF 3. 

Mass production of the fuel started in 1963 at the Annecy plant of the Societe 
Industrielle des Gombustibles Nucleaires and is progresing satisfactorily; the 
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machining of the graphite jackets is underway at Marcoule; the supply of the 
first load is planned for toward the middle of 1964* 

The confirmation studies on the behavior of the fuel elements have continued; 
testing outside the reactor — heat cycling, creep, vibrations — and irradiation 
tests as part of a contract concluded between the AEG and the United Kingdom 
Atomic Energy Authority which made it possible to begin the test in one of the 
reactors at Chapel Cross (Great Britain) with about fifty elements akin to the 
EDF 2 elements. 

[1964 PP 31-33] 

Plutonium 

[Excerpt] At the Marcoule plutonium extraction plant, 1964 was marked by the 
satisfactory entry into service of the new dissolution of the spent uranium and 
of the improved extraction sequence B, which will make it possible for it to 
process, in addition to all of the spent fuel from the Marcoule reactors, a 
certain amount of fuel from the first EDF reactors. These installations were 
both made with the technical assistance of the Societe Saint-Gobain-Nucleaire as 

industrial architect. 

The new dissolution processed the first spent fuel elements in July. It reached 
the expected nominal capacity without difficulty, immediately and under good 
chemical operating conditions. While the former dissolution operated in batch 
mode, the new one is made according to the continuous dissolution principle, 
which makes more uniform the operating conditions and the feeding of the 
extraction shop, which necessarily operates continuously. 
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In this last shop, one of the lines was abandoned in favor of the second, 
identical in origin to the first, but transformed in 1963 to increase its 
capacity and to profit from the considerable improvement in the technology of the 
mixers-decanters, occurring since the time of the design of the plant. The new 
dissolution, new extraction line now forms a homogeneous whole in capacity and 
design, from which an increased operating regularity is expected. 

The fluorination and metallurgy shops, which are also the object of a 
reorganization with the installation of a complete new line for fluorination and 
production of metal, will be put in service at the beginning of 1965. 

The work of a first expansion for storage of the fission products, whose capacity 
and safety are clearly improved in comparison with the original installation, 
was completed in 1964. The objective is to have sxifficient storage capacity for 
the liquid fission products to expect that the development under way of new 
processes for vitrification of the fission products will make it possible to 
eliminate their storage in liquid form and to provide it in the much more secure 
form of an insoluble solid. 

Contrary to the reactors, made to operate continuously of course, the chemical 
p3.aiit yhich processes the fuel spent in them is designed for a batch operation by 
operations separated by necessary shutdowns for all the work of maintenance, 
modification and improvement. During the shutdown in the summer of 1964, apart 
from the current maintenance work, a first phase of renovation work for control 
and regulation was undertaken, work which will continue in other shops during the 
next shutdowns of the plant. The continual progress made in the electrical and 
pneumatic equipment which makes up the major portion of the control installations 
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and the continual research for an improvement in safety have led to the decision 
to replace them periodically. 

t1964» pp 110-112] 

2. Reactors for Production 

A. Plutonium Reactors 

1 , Cl Reactor 

[Excerpt] The operation of the Marcoule G1 reactor has continued in a very 
regular manner for eight years. 

A new procedure for releasing Wigner energy from the graphite stack by annealing 
was tested successfully in 1964. It consists in replacing the widely spaced 
annealings of preceding years with closer operations, at intervals on the order 
of three months, which eliminates the risk of uncontrolled release of energy and 
offers the additional advantage of more effectively combating the overall 
geometric deformation of the stack. Whereas the first annealing in 1958 
necessitated a shutdown of the reactor of 100 days, for the seventh, in October 
1964, a 24 hour shutdown was sufficient. 

The power of the reactor in normal operation has also slightly increased as a 
result of an improved arrangement of the network of absorbents; it reached 46 MW 
thermal in November 1964. 

2. G2, G3 Reactors 

For these two reactors, 1964 corresponds respectively to the sixth and fifth year 
of continuous power operation. The various incidents which at the beginning of 
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the operation of these units caused shutdowns harmful to a good efficiency have 
almost completely disappeared as a result of a continuous adjustment of the 
installations and an improvement of their operation, obtained often by more or 
less significant modifications of the original design of the reactor. 

Continual testing has made it possible to improve considerably the knowledge of 
the operating conditions of all the components. Thus, the more detailed data 
collected on the temperatures of the fuel elements, numbering 36,000 per reactor, 
have caused a better understanding of the safety conditions and a further slight 
increase in 1964 of the maximum allowable temperatures on the magnesium cladding 
of the uranium rods. As a result of the increase in the resultant thermal power, 
the G2 reactor has reached on the average of a day the record figure of 274 MW, 
corresponding to a particularly favorable distribution of the load and situation 
for the irradiations, whereas the initially anticipated power was 150 to 200 MW. 

The amount of electrical energy produced could have exceeded the observed figures 
if the installations, designed for a power limit of reactors very inferior to 
that now attained, had not been saturated and their instantaneous power 
consequently reaching a maximum at about 40 gross MW electric. 

The efficiency of the reactors, however, was reduced in I 964 by the need to 
modify the carbon dioxide-water heat exchangers, because of an insufficient 
sturdiness of the expansion bellows of the very long vertical pipes containing 
water and steam. This work, directed by EDF to which these apparatus belong, 
required a shutdown of about three months for each of the reactors. The results 
of this modification have proved very favorable. 

Changes were made to the manufacturing of the fuels intended for these reactors 
to facilitate their reprocessing (graphite plugs). 
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Total net production of electricity of the power plants associated with the 
Marcoule G2 and G3 reactors reached 166 billion kWh on December 31 » 1964* 


B. CELESTIN Tritium-generating Reactor 

The preliminary plan for the Celestin reactor, intended for the production of 
tritium by irradiation of lithium, was completed in April 1964* 

The main contracts were signed or in the process of being signed at the end of 
1964. The work on the Marcoule site began in May 1964 and is going on 
satisfactorily. 

3. Power Generating Reactors 

A. Graphite-Gas System — EDF Nuclear Power Plants 
1. EDF 1 

EDF 1 has been in service at Chinon since 1963. Nominal thermal power (300 MW) 
was reached in the beginning of 1964. Various incidents, particularly on the 
blower and on the turbine, led to shutting down the reactor in May to perform the 
necessary repairs. The power plant was again linked to the grid at the end of 
September and has functioned since that date satisfactorily at a net electric 

power of 51 MW. 

Three cladding breaks were detected in 1964; the defective elements were unloaded 
without difficulties and, after examination at the Chinon spent materials shop, 
were sent to the AEC laboratories. New experimental channels were loaded into 
the reactor in 1964, including thin pipes of slightly enriched uranium which make 
possible the study of the creep of uranium. 
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The AEG completed the study of an improved version of the EDF 1 fuel which will 
go into industrial production in 1965. 

2. EDF 2 

The end of work on EDF 2 occurred at the anticipated rate and the criticality 
took place on 17 August. It was followed by the nuclear tests, with which the 
AEG was closely associated, and which ended in November; the set up is scheduled 
for the beginning of 1965. 

The irradiations of EDF 2 type fuel elements performed in 1964 in the AEG 
reactors and, under contract, in an English reactor at Ghapel Gross, made it 
possible to obtain at the end of the year irradiation rates on the order of 
3,000 MWd/t without the technological limit being reached. They will continue 

in 1965. 

Tests had shown a slow diffusion of the plutonium through the magnesium-zirconium 
claddings which did not call into question the technological performance of the 
- fuel element, but was able, however, to cause some difficulty in the use of the 
reactor because of the increase in the background noise of the system for 
detecting cladding breaks. Studies have made it possible to eliminate this 
phenomenon, so that the first load of EDF 2 is composed for a large part of fuel 
that absolutely does not allow the plutonium to diffuse. 

The experimental role of EDF 2 will be as important as that of EDF 1. About a 
hundred channels have been loaded with experimental elements and including 
annular elements whose use is considered in the future development of the system. 

[1965, pp 29-30] 
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4. Plutonium 
A. Plutonium Production 

[Excerpt] In 1965, good performances were obtained for the various industrial 
installations of the Marcoule Center, hence a notable increase in plutonium 
production in comparison with previous best years. This favorable result is due 
to: 1) the very regular operation at high power of the three G1, G2, G3 
reactors, 2) the operating regularity of the plutonium extraction plant whose 
capacity has been clearly increased by the entry into service of the new 
installations replacing those whose capacity and reliability had appeared 
insufficient, 3) the very satisfactory operation of the numerous auxiliary 
services, decladding of the fuel, effluent processing station, maintenance, 
radioactive intervention team, etc., whose effectiveness improved by experience 
assists in a very great way the yield of the large production units, reactors and 

plant . 

The Marcoule plutonium extraction plant profited in 1965 from the modifications 
and renovations of processing shops: new dissolution, extraction line B, line 
for production of metal achieved in the preceding years. Throughout the year, 
the overall plant operated in a completely regular manner at the maximum capacity 
of the new shops. Since its capacity was then greater than the unloaded tonnage 
from the three Marcoule reactors, it was able in December 1965, to process the 
spent uranium unloaded from the Chinon EDF 1 reactor, thus contributing to the La 
Hague plant whose active start up will take place only in the middle of 1966. To 
do this, the Marcoule decladding installations have had to be adapted by 
installing in one of the pits of the shop an entirely new device intended to 
declad the EDF 1 fuel elements. 
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In 1965 there entered into service in the plant the new integrated line for 
production of the metal consisting of three glove boxes containing the new 
continuous fluorination furnace for the plutonium oxalate, the furnace for 
production by calciothermy, the balance of weight of the ingots and the sampling 
device. In this new line which produces plutonium ingots of 1000 to 1200 g the 
number of operations is thus divided by 4 in comparison with the old installation. 

The tonnage of processed uranium and the amount of plutonium produced at the 
plant are, as for the reactors, higher in 1965 than the previous years. 

Among the projects in process, there shoiild be cited the replacement of the 
process for concentrating plutonium by centrifuging with a process for extraction 
by TBP (tributyl phosphate) solvent in columns; the use is scheduled for 1966. 

Finally, the assembly of the installations of the Marcoule Center having now 
reached a state of equilibrium, it is possible to consider, for the main 
industrial \mits, reactors and plant, a gradual reduction of the staff of the 
units now operated. 

[1965, PP 104-106] 

2. Reactors for Production 
A . Plutonium Reactors 
1 . G1 Reactor 

[Excerpt] In 1965, the tenth consecutive year of its operation, this reactor 
operated at normal power for 342 days. In particular, the speed of execution of 
the graphite annealing operation should be noted; 10 hours passed on I6 November, 
1965 between the going down and restart bracketing the Wigner annealing. The 
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first operation of this nature in 1958 had required a shutdown of 110 days. The 
G1 generating reprocessing set produced 13*370,000 kWh in 1965* 

2. G2 - G3 Reactors 

G3 has not experienced a shutdown period of more than 15 hours since 8 August 
1964. The reactor has operated for the past seventeen months since this date 
with a load factor of 99.9 percent (31 hours of shutdown in all) and at a power 
continually greater than the nominal power. 

The performances of G2 are slightly less remarkable because of shutdowns 
necessitated by the replacement of coolers for the primary and secondary circuits 
for the carbon dioxide. The operating power has always been, as with G3, greater 
than the nominal power. 

The modification of the EDF carbon dioxide-water exchanger has given good results 
The short lifespan of the carbon dioxide coolers remains the weak point of these 
large units: the replacement of the steel pipes with "Admiralty*' brass pipes 
and the change of type of certain coolants (water inside the pipes) should 
make it possible to reduce the corrosion and improve the cleaning operations. 

Although limited by the maximum power of the sets, the electricity production of 
the associated power plants was 589,360,000 gross kWh, or 550,330,000 net kWh in 
1965 (about 0.53 percent of the total French production). Since the beginning, 
the accrued electric power has reached 2,392,480,000 gross kWh and 2,208,144,000 
net kWh as of 31 December 1965. 

B. Tritium Reactors - Celestin 1 and 2 

The project studies for the Celestin 1 reactor, intended for the production of 
tritium by irradiation of lithium, were for the most part completed during the 
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first half of 1965. The only studies remaining in progress are, on the one hand, 
the thermal and neutron studies intended to define the first load and the 
performances of the core and, on the other hand, the studies related to the 
control of the reactor. 

Most of these contracts were signed at the end of 1965. 

The construction work continued on the Marcoule site throughout the year. 
According to schedule, the large work will be completed at the beginning of 1966. 
The manufacturings in plant are occurring satisfactorily. 

The preliminary work on Celestin 2, a duplication of Celestin 1, began during the 
last quarter of 1965. The actual construction of the reactor will begin at the 
beginning of 1966 next to Celestin 1 . 

3. Power generating reactors 

A. Gas - graphite - natural uranium system 
EDF Nuclear power plants 

1. EDF 1 (Chinon 1) 

EDF 1 operated for the first half of 1965 with two interruptions, one in January 
because of an incident on the turbine — broken fins on the medium pressure 

wheels the other in March to allow the unloading of experimental channels. In 

June, the reactor was shut down for three months to repair the turbine. On this 
date, the utilization factor of the power plant since the beginning of the year 
was nearing 85 percent. The electric power had to be reduced from 60 to 45 MW 
because of the wearing flat of medium pressure wheels of the t\irbine, performed 
in January and the gross electrical production for this period rose to about 
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150,000,000 kWh. The performance of the fuel was satisfactory, no cladding break 
was reported. 

After repairing the turbine, the reactor was again linked to the grid in 
September, but a new incident occurred on the turbogenerator set — a loss of oil 
pressure — forced shutting down the power plant almost immediately. The 
necessary repairs required three months, then the reactor was again linked to the 
grid in December, except for a short shutdown necessitated by the \jnloading of an 
experliD6n*t£Ll eleni6nt whose cladding had been broken* 

The shutdowns of the second half of the year were used to perform normal and 
experimental fuel vuiloadings which, after certain difficulties in adjusting 
equipment, were able to take place satisfactorily. The spent fuels were 
transported at the end of the year to Marcoule where they will be processed while 
awaiting the startup of the La Hague plant. 

The AEG undertook a pilot production of improved fuel elements, loaded in the 
reactor in March, and, in cooperation with EDF, the examination of the 
experimental fuels after irradiation, which provided useful data on the behavior 
of various uranium alloys. Other studies, related in particular to thermal 
instrvimentation, are continuing in conjunction with EDF. 

2. EDF 2 (Chinon 2) 

The set up of EDF 2 occurred at the beginning of 1965, the first turbogenerator 
set was linked to the grid on 24 February, the second on 8 March. The operation 
continued satisfactorily and the reactor reached 650 MW thermal in April, or 80 
percent of nominal power. At the end of the year, the reactor had operated more 
them 4,000 hours with at least one set linked to the grid and the gross 
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electrical production rose to about 300,000,000 kWh. It should be noted that 
one of the sets was shut down from August to November for repair on the bladings 
of the medium pressure wheels, a preventive measure to avoid the phenomena 
observed on the EDF 1 turbine. Therefore, only at the end of the year was the 
reactor able to reach its nominal power. 

The AEG continued its studies related to the fuel element. A certain number of 
elements are being irradiated in an English reactor at Chapel Cross and have 
reached irradiation rates near 4,000 MWd/t. Other elements were irradiated in 
the Pegase test loops at Cadarache and the examinations made after irradiation 
confirmed the good performance of these fuels in the reactor. About a hundred 
experimental channels, including a certain number loaded with annular elements, 
are being irradiated in the EDF 2 reactor and so far have had an excellent 
performance: no cladding break has taken place. The first unloadings of 
experimental channels were performed in the last quarter of this year and the 
spent elements will be examined in the beginning of 1966. 

' [1966, p 51] 

F. EDF Nuclear Power Plants 
1. EDF 1 (Chinon 1) 

[Excerpt] EDF 1 operated linked to the grid for 6,613 hours (276 days) in 1966. 
The gross electrical power, which at the beginning of the year was 60 MW, was 
increased to exceed 80 MW (70 MW net) at the end of the year. The gross 
production of electricity was 438,000,000 kWh and the net production 
363,000,000 kWh. The main outages were due, on the one hand, to leaks on the 
exchangers, which caused a total of 25 days of shutdown, and on the other hand, 
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to two cladding breaks of fuel elements in May and December} the shutdowns 
resulting from these breaks were used to unload experimental fuels and lasted a 

total of 21 days. 

The AEG has continued its experimental irradiations programs in EDF 1. New 
elements were loaded in the reactor and the examination of the spent fuels 

provided useful information. 

0 

2. EDF 2 (Chinon 2) 

For the first half of 1966, EDF 2 operated for 144 days, the only significant 
shutdowns being due to two leaks on one of the main exchangers. For this period, 
the gross production of electricity was U0,000,000 kWh, the power having had to 
be reduced several times to make it possible to carry out the tests for 
adjustment of the devices for loading and unloading of the fuel. At the end of 
the first half of the year, the reactor was shut down for various maintenance 
tasks. The power plant was again linked to the grid at the beginning of October 
and EDF 2 in November reached the gross power of 860 MW thermal and 225 MW 
electric. 

The gross production for the year 1966 rose to more than 600,000,000 kWh for an 
operation of about 200 days. The performance of the fuel is still satisfactory 
and no cladding break has been reported since the startup of the reactor. 

Experimental fuel elements, some of which coming from several channels loaded 
with annular elements, were unloaded and examined in the installations of EDF and 
the AEG; their performance is excellent. The AEG, moreover, in conjunction with 
EDF, is pursuing studies for the improvement of the thermometry in the reactor. 
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The spent fuels unloaded from the reactor were transported and reprocessed by the 
AEG at the La Hague plant. 

3. EDF 3 (Chinon 3) 

EDF 3 went critical on 1 March 1966. This first criticality, performed on the 
first fxill load, 450 tone of natural uranium, was followed by neutron tests. 

One of the sets was linked to the grid on 4 August, the second on 23 August. At 
the beginning of September, the reactor was operating at a power of 600 MW 
thermal corresponding to 140 MW gross electric. On 10 October an accidental 
shutdown of the grease pumps caused damage to one of the turbogenerator sets. 
Checks made after the shutdown of the power plant showed serious disorders in the 
pipes for removal of gas from the circuit for detecting a cladding break and it 
will not be possible to restart the power plant . . . 

[1966, pp 129-133] 

3. Plutonium 

[Excerpt] The plutonium delivery schedule planned for 1966 was met, the amounts 
of necessary fuels having been unloaded in the desired time for the EDF 1 and 
EDF 2 power plants. The programs for reactor production will have to be reviewed 
taking into account the incidents which impeded the operation of EDF 3. 

A. Plutonium Production 

For the Marcoule center, 1965 was marked by high performances of the production 
units that led to a large increase in the production of plutonixun in comparison 
with prior years. The year 1966 is characterized by a stabilization of the 
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production at the already high level of the preceding year, a certain number of 
work projects on the reactors having required their shutdown. 

The plutonium extraction plant showed an exceptional operating smoothness. 

1 . Plutonium-Generating Reactors 
a) G1 

The operation of this reactor, which went critical on 7 January 1956, has 
remained excellent. 

The operations of Wigner annealing of the graphite have taken a routine nature. 
They interrupt the operation only for a dozen hours and are performed about every 

four months. 

Research for improvement of the power has continued with the loading of new fuel 
elements having curled longitudinal fins which will undoubtedly make possible a 
power increase of some 5 percent, or 2 to 3 megawatts thermal. 

The concern for making the operation of the reactor more economical led to 
reducing the personnel of the operation team which, from a figure of 82 persons 
in the beginning, fell to 57. 

The generating reprocessing set of G1 produced 14,195,500 kWh gross in 1966, or 
10 , 413,000 kWh net. 

b) G2 - G3 

These reactors have also had a very smooth operation which has made it possible 
for them to maintain their high rate of production of 1965. However, the 
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improvement of the latter was limited in 1966 by the power reductions and the 
shutdowns following the work on the exchangers and on the carbon dioxide coolers. 

As for the exchangers, in July 1966 on G2 and in August on G3 there appeared a 
malfunction of the steam collector pipes of the medium pressure evaporator banks, 
due to the erosion by cavitation at a specific point that went as far as piercing 
the pipe. Since the two reactors comprising a total of 464 pipes were thus 
threatened, a preventive repair of the unit had to be undertaken under very 
difficiilt operating conditions. 

Carried out under the direction of EDF, this work was conducted successfully on 
G3 from the beginning of November to mid-December. It is planned to xaidertake 
them under the same conditions on G2 beginning in February 1967. 

This shutdown of G3 was used to replace two secondary carbon dioxide coolers; one 
of these new coolers is the first of the new brass water pipe type whose adoption 
was decided on in the hope of putting an end to the malfunctions due to the 
depositing of corrosive muds between the pipes. 

A shutdown of G3 in March 1966 was necessary to install two primary coolers with 
brass pipes and to put a former secondary cooler with steel pipes out of service. 

A beginning of corrosion of the circular prestresssed cables of the concrete 
chambers necessitated the stripping off of the parts of the cables coated with 
concrete. Considering these operations, the performance of these cables gives no 
worry for the future* 

The performance of the fuel, natural uranium cladded with magnesium -zirconium, 
has remained excellent. Claddings breaks are still very rare. 
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Further, several improvements were made this year to the reactors, to their 
accessories and to the progress of certain operations, in particular those of 
loading and unloading. 

The new fuel elements with claddings having herringbone fins developed and 
manufactured in 1966 must be loaded in G3 during the first half of 1967. The 
addition of thermal power to be expected from it is estimated between 5 and 10 

percent. 

Taking into account these elements, the overall judgment that can be made at 
the end of 1966, on the industrial future of the G2 and G3 reactors is still very 
favorable. No sign of worrisome again gas appeared which would make it possible 
to establish a time limit for the normal operation of these units. Particular 
attention should be paid, however, to the problems of the thinning down of the 
metal in the gas-steam exchangers. Prestressed concrete chambers, graphite 
stacks, large pipes for carbon dioxide, essential elements for the life of the 
reactors, give no sign of abnormal deterioration at the end of 7 to 8 years of 
intensive and continuous operation. 

The production of the associated G2 - G3 power plants in 1966 was 520,383,000 kWh 
gross, or 489,482,000 kWh net. Since the beginning, the accrued production has 
reached 2,912,862,000 kWh gross, or 2,697,613,000 kWh net as of 31 December 1966. 

2. Plutonium Extraction Plants 

a) Marcoule Plutonium Extraction Plant 

As in 1965 wnH with an even larger excess capacity, the plant easily absorbed, in 
1966, the tonnage of spent uranium unloaded from the three Marcoule reactors. 
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This excess capacity made it possible for it in particular to process the 88.5 
tons of spent fuel unloaded from the EDF 1 reactor at Chinon. 

The operation teams of the plant, constantly bent on perfecting the installations 
and improving the economy and the safety of the operation, obtained advantageous 
results in numerous fields in 1966. The main ones are: 1) the satisfactory 
operation after a very delicate adjustment of the equipment for continuous 
precipitation of plutonium oxalate according to a technique entirely conceived 
and developed at Marcoule; 2) the elimination of the current analyses of 
production of the plutonium purification shop and their centralization in the 
general laboratory as a result of sending samples by pneumatic conveyer network; 

3) the transition from 4 to 2 station teams for the metallurgy shop after the 
placing in service of the new production line for large plutonium ingots of 1,200 
grams; 4) the placing in service of the process for decontaminating ruthenium by 
lead paraperiodate associated with ferrous hydroxide and nickel ferrocyanide, 
according to a studied principle and developed at Marcoule, which makes it 
possible to reduce in a ratio of about 3 the overall activity discharged into the 

Rhone. 

These improvements being added to the progress in the operating techniques 
(grouping and automation of control panels) have made it possible to achieve 
considerable personnel cuts in the operation teams. 

The processing for the first time in France of large amounts of spent uranium- 
molybdenum alloy coming from EDF 1 made it possible to find that the industrial 
rate of the dissolution shop was very slightly reduced in comparison with pure 
tiranium, contrary to what was assumed. 
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The largest service operation in a very radioactive zone of the plant in 1966 was 
caused by the discovery of a leak in a weld of the dissolution tank of the new 
shop that entered into service in November 1964. This malfunction necessitated a 
decontamination of the tank which lasted two months and then a very delicate 
operation in a radioactive zone which was completely successful. 

Finally, the process for coating in tar conceived at Marcoule came out in 1966 on 
the placing in operation of the coating shop which obtained excellent results 
right away. This project is the first of this type operating of a production 
center at the industrial rate. 

b) La Hague Plutonium Extraction Plant (DP 2) 

1 . Construction 

During 1966, the finishing work on roads, green spaces, lighting of the 
enclosures continued. Acquisition of the lands of the No 2 expansion zone was 

begun. 

The equipment work of the shop for processing the fuels spent in the Rapsodie 
reactor (AT 1) was finished and various tests made in 1966. The inactive tests 
with nonspent uranium began in December. 

The civil engineering construction site of the new deactivation pool and of the 
. laboratory for statistical inspection of the spent fuels was opened in August 

1966. 

The study for the project for construction of a manufacturing shop for sources of 
cesium 137 was undertaken to be completed in 1967. This shop will use cesium 137 
extracted from the fission products and fastened on transportable columns at Marcoule. 
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2. Tests and operation 

The overall tests of the UP 2 plant using nonspent uranium took place in April and 
May 1966 and progressed satisfactorily, making it possible in the beginning of 
June to start up active teste with fuels spent in the Chinon EDF reactors. This 
first operation showed the need of some finishing and adjustment work. This was 
performed in the beginning of the autumn 1966. In November, a second radioactive 
test operation took place, ending in the production of the first kilograms of 
plutonium. 

The first automatic unit for radiography of the fuel elements on the EDF 2 
decladding line has been placed in service. 

During the year, the last technological units were placed in service; packaging 
of the solid wastes, decontamination shop, radioactive laundries. 

The test operations carried out in 1966 with the assistance of all the interested 
departments (building department, plant operating department, industrial 
architect) showed that the plant will be able to enter in its industrial operation 

phase starting in 1967. 

[1967, pp 124 - 129 ] 

3 . - Plutonium 
A. Plutonium Production 

[Excerpt] The very satisfactory operating smoothness of the Marcoule industrial 
units has made it possible, while reaching the highest production figures since 
the beginning, to direct the efforts at improvement in two main directions; 
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1, The production costs were able to be reduced in 1967 by cutting operating 
expenses, on the one hand by efficiently scheduling the work on modifications and 
improvements in the technical units and by restricting them to the minimum 
compatible with maintaining safety production, on the other hand, by studying 
management economy and increase in productivity; 

2. A part of the technical personnel were converted back to tasks for studying 
modifications and additions to be made to the decladding installations and to the 
plant to adapt them for the possible processing of spent fuels of new types such 
as the EDF natural uranium type element, the plutonium-aluminum element of the 
Celestin tritium-generating reactors, the plutonium oxide element of the Phenix 
breeder reactor • 

1 . Plutonium-Generating Reactors 

a) G1 

The operation of this already old reactor has continued without the least 
incident during the entire year of 1967. Its simplicity and its sturdiness give 
it the best load factor that could be imagined for a reactor and its total days 
of shutdown correspond to scheduled shutdowns for unloading of fuel (21 days) and 
Wigner annealings of the graphite (3 days). 

The turbogenerator set using steam produced by the heat of the air leaving G1 
produced, in 1967, 15,989,000 kWh gross, or 11,614,500 kWh net. 

b) G2 - G3 

During the years of starting up and improvement, from 1959 to 1965, the unit thermal 
power was gradually brought from 200 to 250 MW and the number of shutdown days decreased. 
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Repair on the G2 exchangers, similar to that made in 1966 on G3 and planned for 
February 1967, was able to be performed in 35 days despite the complexity and 
inconvenience of the work. Personnel could enter and work in the exchangers only 
in full suit fed with fresh air from the outside. The operation of G2 at maximum 
power was excellent for all the rest of the time. 

At G3, two shutdowns, one of 7 days, the other of U days, were necessary in 
1967 , the first caused by the malfunction of the pipework of an exchanger, the 
other to unjam several fuel channels and to unload thermocouple fuel elements 
measuring the cladding temperature, fuel elements placed in the reactor at the 
beginning of loading of the new fuel elements with herringbone fins. Therefore, 
the G3 reactor was shut down 21 days this year. Its operation was excellent the 
rest of the time. 

The loading of new fuel elements with herringbone fins in G3 took place from 
Janviary to May 1967 and paid off, as previous studies had led to expect, by a 
power gain of about 5 percent which made it possible to reach the high power 
point of 264 MW. These new fuel elements, with which the longitudinal 
distribution of the neutron flux is slightly modified, also provide the advantage 
of a wider choice of control rods in the control of the reactor without the flux 
undergoing deformation. This new type of cladding was definitively adopted and 
will be placed in the G2 reactor beginning in May or June 1968. 

For the remainder, the year was marked by a clear decline in incidents of all 
sorts to the benefit of the operating smoothness and the decrease in the load of 
the intervention teams. The annual average number of operating days per reactor 

was 337 . 
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The production of the associated G2 - G3 power plants in 1967 was 619,600,000 kWh 
gross, or 584,700,000 kWh net. Since the beginning, their accrued production of 
electricity has reached 3,532,000,000 kWh gross, or 3,282,000,000 kWh net. 

At the end of this year of 1967 and regardless of the length of life that remains 
to them, the state of the G2 - G3 reactors appears excellent and their ability to 
provide a high annual production is better than it has ever been. 

2. Plutonium Extraction Plants 
a) Marcoule Plutonium Extraction Plant 

For the plant and its accessories, the year was marked by a perfect operating 
smoothness, a permanent availability that no operating incident has restricted 
and with a quadruple capacity from that anticipated in the beginning. The phase 
for adapting the plant to industrial operating conditions at a high rate is 
therefore virtually finished as far as the type of fuel for the Marcoule reactors 
in concerned. Studies have been launched for the possible adaptation of the 
plant to the processing of fuel elements of other types. 

The plant now operates according to the availabilities of fuel unloaded from the 
reactors in two or three annual operations separated by shutdown periods of 
several weeks. The tonnage of spent viranium processed in 1967 exceeded those of 

previous years* 

The year was marked by the entry into service of new installations and by a 
certain number of improvements of processes. 

Concentration of the fission products was increased, which reduced by almost 40 
percent the volume of the residues to be stored per ton of processed uranium. 
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The new shop for concentration of plutonium by tributyl phosphate is pulsed 
columns that entered into service in August 1967 made it possible to eliminate 
at the same time the second plutonium purification cycle in mixers-decanters and 
passage over ion exchanger resins. This process makes it possible to cause 
directly the oxalic precipitation of the plutonium, which still provides an 
appreciable decontamination and is performed in a continuous precipitation 
installation • 

The continuous furnace for fluorination of the plutonium oxide experienced a 
period of rather delicate adjustment because the problem of corrosion by 
hydrofluoric acid had to be solved* 

Two installations were made to make it possible to reduce the ruthenium content 
of the effluents arriving at the waste treatment station. This work made it 
possible, in practice, to eliminate the "high activity" category of the effluents 
arriving at this station. 

The still incomplete placing into service of the installations for improvement of 
the decontamination of the effluents discharged into the Rhone has already made 
it possible to reduce by about a factor of 4 the number of curies discharged by 

the center. 

A new installation for decontamination, by entrainment with steam, of the 
tributyl phosphate solvent used in the plant entered into service in December 

1967. 

b) La Hague Plutonium Extraction Plant (UP 2) 

1 . Construction 
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A certain number of infrastructure works were undertaken, made necessary by the 
installation of the following units: 1) the new deactivation pool and the 
laboratory for examination of the La Hague fuels which will be completed towards 
the middle of 1968; 2) the shop for manufacturing sources of cesium 137, the 
building for aqueous corrosion studies, the marine radioecology laboratory, the 
construction sites which were opened in April and May 1967; 3) the expansion 
of the radioactive wastes storages consisting of the concentrated solutions of 
fission products and the resultant muds from the processing of the liquid 
effluents, and by the magnesium claddings, the graphite Jackets, the aluminum 
containers that will be piled into the silos and trenches. 

2. Operation 

If 1966 was the year of the first active tests of the UP 2 plant, 1967 is the one 
for the start of the industrial operation of this unit. The processing dealt 
with relatively small quantities of spent fuel with a uranium -molybdenum alloy 
base coming from the Chinon EDF 1 and EDF 2 reactors. 

Two operations made it possible to draw valuable lessons on the operations of the 
various units of the plant. 

Thus difficult problems have been solved, such as the stability of the 
concentrated solutions of fission products coming from the uranium -molybdenum 
alloys and the development of the cycle for purifying plutonium with 
trilaurylamine. These results, however, must be confirmed by longer-term 
operations dealing with more thoroughly spent fuels. Moreover, the excellent 
decontamination factors obtained in the first purification cycle and the very 
satisfactory operation of the effluent processing station should be pointed out. 

48 

1 ^— Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 m 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 


In this respect, the activities discarded into the sea were much less than those 
authorized for the year. 

[1968, pp 35-36] 

9. EDF Nuclear Power Plants 

a) Chinon 1 

[Excerpt] The Chinon 1 power plant has operated linked to the grid for 3,732 
hours (156 days). The gross production of electricity has been 315,000,000 kWh 
and the net production 254,000,000 kWh. The power plant was shut down for four 
months for a very large unloading of fuel, a period used, on the other hand, for 
an inspection of some parts of the installation. 

The restart was delayed following the discovery of an incident of aeromechanical 
origin that arose on a fairing of a gas outlet pipe. Among the other incidents 
that interfered only in a minor way with the operation of the power plant, there 
can be noted a cladding break that occurred in November. The particularly 
satisfactory operation of Chinon 1 during the last quarter (availability rate: 95 
percent) should be reported. 

b) Chinon 2 

The utilization factor was on the same order as in 1967; the power plant operated 
linked to the grid for 6,212 hours (259 days). The gross production of 
electricity was 1,309,000,000 kWh, the net production 1,134,000,000 kWh. Gross 
electric power has reached 237 MW, net power 211 MW. 

The main incidents that interfered with the operation of the power plant involved 
the exchangers where quite a few leaks appeared; an incident of aeromechanical 
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origin affected bleeds for detecting a cladding break in the gas outlet pipes. 

The loading and unloading apparatus is now satisfactory. 

It can be considered that the overall operation of Chinon 2 has been 
satisfactory, particularly during the last quarter; the troubles encountered on 
the fuel elements centerers have not had any impact on the operation of the power 
plant. 

c) Chinon 3 

The Chinon 3 power plant operated linked to the grid for 5,544 hours (231 days). 
The gross electric production was 1,084,000,000 kWh, the net production 
1,014,000,000 kWh. The incidents that occurred on the experimental fuel element 
centerers intended for Chinon 2 led to restricting, as a precaution, the flow of 
carbon dioxide to 70 percent in April, then to 50 percent in December; these 
restrictions had only a small influence, because of the incidents that occurred 
in another connection on the main euid auxiliary sets and the exchangers. The 
adjustment of the loading and unloading machines has proven delicate and their 
operation has given rise to several incidents. 


d) Saint-Laurent 1 

The year 1968 was devoted to overall tests. Their progress was favorable until a 
deterioration on the sheet metal protecting the filters of the heat insulator was 
found in August. This, combined with the strikes of May and June 1968, caused a 
delay of about five months in the date of the first loading which began in mid- 
December 1968 and was completed in the first days of January, making it possible 
for the power plant to go critical for the first time on 7 January 1969. 
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A team of AEG engineers has continued to participate throughout the entire year 
in performing the tests. 

[1968, pp 96-98] 

A . Plutonium Production 
1 . Plutonium-Generating Reactors 

a) G1 

[Extract] Taking into account the development of the programs and for reasons of 
economy, the first French power reactor, G1, was permanently shut down on 15 
October 1968. The excellent performances of this reactor should be emphasized, 
whose load factor during the nine years was near 92 percent, the remaining 8 
percent being for the most part due to the \mloading of fuel which coiild be 
performed only with the reactor shut down. The personnel serving G1 were for the 
most part transferred to the operation team of the Celestin reactors that needed 
to be reinforced for the starting of Celestin 2. 

b) G2 - G3 

The operation of the G2 and G3 reactors was very satisfactory in I968. 

G2 reached a load factor of 95 percent. A certain number of inspections were 
performed and the "crossbow" rods intended to assure the introduction into the 
core of a sufficient antireactivity in case of a sudden depressurization accident 
were installed. During the year, fuel having herringbone cladding was 
substituted for the fuel having longitudinal cladding, as with G3 in 1967. 
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For its part, G3 reached a still greater load factor (more than 96 percent), the 
only significant production loss, outside the strike period, being due to a 
cladding break on an experimental channel that had to be unloaded. At the end of 
the year, the unloading of spent uranium began, the lowering of reactivity being 
compensated by the elimination of the absorbent network used until then, which is 
reflected by a considerable economic advantage. The operation will continue in 
1969 and will be extended to G2. 

The production of the power plants associated with G2 and G3 in 1968 was 
670,500,000 kWh gross and 633,500,000 kWh net. Since their beginning, their 
accrued production of electricity has reached: 4,203,000,000 kWh gross, or 

3,916,000,000 net. 

Because of the good operation of these reactors, the possibility, beyond 
satisfying the plutonium needs, of their being kept in service as electric 
generating reactors is being studied. 

2. Plutonium Extraction Plants 

a) Marcoule Plutonium Extraction Plant 

The process modifications are aimed at reducing the radioactivity of the 
effluents, either by increasing the decontamination factors before sending the 
solutions to the effluent treatment installation, or by additional operations in 
this latter unit intended to keep the content of the waste as low as possible. 

A solution had to be sought to the problem posed by the gradual reduction over 
time of the decontamination factor of plutonium during its extraction. The 
quality of the products has been able to be assured as a result of the good 
decontamination efficiency of the shop for concentration of plutonium by solvent, 
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a shop placed in service in 1967. The placing in operation of the pulsating 
columns was very satisfactory. Its capacity being larger than that of the old 
concentration shop, its behavior simple and precise, the easier monitoring by 
reduced staff and increased safety with regard to the risks of criticality, make 
it possible to consider this transformation a success. 

The concentration of the column feet of the second extraction cycle and the 
recovery of nitric acid have considerably reduced the volume of the high and 
average activity effluents and have improved the economic balance. 

The installation for concentration and storage of the carbonated effluents, by 
facilitating the decrease of ruthenium, also contributed to the significant 
reduction of the volume of effluents. This development makes it possible to 
conceive of plants which will be able to "digest" internally the largest part of 
the radioactivity of their effluents, so as to discharge only greatly reduced 
volumes containing almost no activity. 

b) La Hague Plutonium Extraction Plant (UP 2) 

1 ) Construction 

The new storage pools for the spent fuels coming from the Saint-Laurent-des-Eaux 
reactors have been completed and the pool in service for the Chinon reactors has 
been covered. The plant is thus suited for reprocessing of the spent fuels of 
the gas-graphite system. Taking into account the development of the programs, a 
shop is being studied that can process oxide fuels. 

Other work has been performed to make possible an increase in the storage 
capacity of the wastes and fission products. 
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2. Operation 

Thee operations of 1968 first of all made it possible to confirm the excellent 
results obtained in 1967, in the matter of decontamination, the tributyl 
phosphate extraction cycle and of stability and effectiveness of trilaurylamine 
for purification and concentration of plutonium, results making it possible to 
obtain finished products of very high purity and perfectly decontaminated. In 
addition, they made it possible to increase very considerably the production 
capacities of all the shops and, in particular, of the decladding shop whose 
performances were greatly improved by the placing in service of new decladding 
heads and the modification of the fuels transfer circuits. 

The 1968 operations finally made it possible to concentrate large quantities of 
neptviniiuD 237 in solution, the separation of which will be assured in the 
Marcoule pilot shop. 

As for the analytical control, progress in the matter of productivity was 
obtained as a result of the research, the development and the systematic 
utilization of new fast methods. 

B. Chemical Studies on Plutonium Production 

1 . Improvement and Expansion of the Processes for Treating Spent Fuels 

The majority of the fuels from the reactors in service (EDF gas-graphite 
reactors of Rapsodie, Celestin) or to cone (heavy or ordinary water reactors, 
Phenix, submarines) being very different in their composition or their level of 
irradiation from those that have been processed in France to the present, 
numerous chemical studies are continuing for their future processing, either in 
the existing plants or in the expansions or developments of the latter. 
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The main work involves the new fuels of the EDF power plants, those of the fast 
neutron system and those of Celestin* 

a) Fuels for EDF Reactors 

Among the improvements that are being considered to be made to the EDF fuel 
elements, the most important is the introduction of a graphite core in the 
uraniiun rods • 

Tests were performed on the prototype machine for drilling these cores under 
normal operating conditions, on inactive rods; the filtering of the graphite 
appears satisfactory. After drilling, a not insignificant fraction of the 
graphite will remain with the uranium; a part of this graphite will be 
accumulated at the bottom of the dissolution tanks while the other, carried by 
solutions in the shape of fine particles, is liable to disturb the extraction by - 
solvent. Studies in the laboratory and in semi-industrial installation have 
made it possible to determine the proper means to eliminate these drawbacks: 
the graphite decanting to the bottom of the tanks will be able to be truly 
eliminated by periodic purges with an ejector. Vfhat remains in suspension must 
be separated by centrifuging. 

Moreover, since the carbon deposits are able to cause the hot fast corrosion of 
the stainless steels by nitric acid, the actual tanks will have to be replaced 
with titanium or zircaloy containers. 

b) Fuels of the Fast Neutrons System 

At U Hague, the pilot shop for the processing of the mixed DO^-PuO^ fuels of 
the fast neutrons system is ready to receive the first spent assemblies in the 
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Rapsodie core. Only the excellent performances of the fuel, kept longer than 
anticipated in the reactor, have delayed putting this shop into service. 

This additional delay was used, on the one hand, at La Hague to finish off the 
processing and control installations and, on the other hand, at Fontenay-aux- 
Roses, in a shielded cell, to check the process on several increasingly active 
fuel points coming from the Rapsodie reactor itself. A method ... 

[1969, PP 37-38] 

10. EDF Nuclear Power Plants 

a) Chinon 1 

Chinon 1 has operated without noteworthy incident. The number of breaks in 
claddings has remained small: three in the year. Despite a scheduled shutdown 
of more than two months, from 16 July to 24 September, for a large unloading and 
for maintenance, the power plant has been linked to the grid for 6,025 hours 
(251 days). Its gross production of electricity was 481,200,000 kWh and its net 

production 392,000,000 kWh. 

b) Chinon 2 

The operation of the Chinon 2 power plant during 1969 was excellent. Despite a 
scheduled shutdown of one month, from 10 June to 12 July, for maintenance, the 
gross production of electricity for the portion was 1,772,400,000 kWh and the net 
production 1,548,500,000 kWh, which corresponds to a utilization factor of 0.88. 
The power plant was linked to the grid for 7,829 hours (326 days), i.e., 
virtually continually except for the month of shutdown. 
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The gross and net electric power reached 248 MW and 218 MW respectively during 
significant periods; these figures should be compared with the nominal powers of 
230 MW and 200 MW. 

It should be pointed out that from 1 October 1968 to 1 April 1970, the 
utilization factor of the power plemt was also 0.88 which shows the excellent 
economic speed now reached by Chinon 2. 

c) Chinon 3 

The operation of the Chinon 3 power plant again this year suffered from the 
handicap of the power limitations imposed by the exchangers and the fuel 
elements. It was linked to the grid of 4,844 hours (210 days), its gross 
production of electricity was 903,500,000 kWh, its net production 862,300,000 kWh. 

During the first half of the year, the first half of the exchangers were 
replaced and beginning in October, the replacement of the second half was 
undertaken. For the entire year, fuel elements of the type on which the 
centerer breaks were found in 1968 were replaced with elements having corrugated 
centerers; the operation will continue in 1970. 

d ) -Saint-Laurent 1 

The reactor went critical for the first time on 7 January 1969 and the power 
plant was linked to the grid on 14 March. The set up was done under excellent 
conditions and in mid-October gross production reached 1,114,400,000 kWh and net 
production 1,063,600,000 kWh. The maximum gross power reached was 420 MW. 

Then, on 17 October an accident occurred on account of successive errors in the 
use of the loading-imloading apparatus; a channel being loaded was plugged by a 
graphite log, which caused this channel to burn up. Molten uranium ran out on 
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the floor, a support for the stack. Before restarting, it was necessary to 
remove this uranium to make possible a correct later operation of the 
installation for detecting cladding breaks. 

[1969, PP 101-103] 

A. Plutonium Production 

1 . Plutonitim-Generating Reactors 

[Excerpt] The 02 and 03 reactors operated smoothly in 1969. Their power, and 
therefore their plutonium production, was again increased as a result of a mode 
of loading comprising a certain proportion of spent uranium, and bringing a 
considerable economic advantage. 

02 reached a load factor of 95 percent. Two short shutdowns of this reactor 
marked the year: in June for maintenance work, and in November because of the 
general strike pf the AEC. 

03 reached a load factor of 94 percent despite adjustment and maintenance work 
necessary after twenty months of uninterrupted operation and despite the 
November strike. 

The production of the power plants associated with 02 and 03 in 1969 was 

661.000. 000 kWh gross and 624,000,000 kWh net. Since their beginning, their 
accrued production of electricity has reached 4,864,000,000 kWh gross, or 

4.540.000. 000 kWh net. 

2. Plutonium Extraction Plants 

a) Marcoule Plutonivim Extraction Plant (UP 1) 
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The metallvirgy shop now j)roduces plutonium ingots of 2.5 kg instead of 1.25 kg 
previously. The number of operations and analyses for control of the finished 
product is thus reduced by half. 

In the same spirit of increasing the productivity, it has been possible to reduce 
the analytical control of the plant and therefore the number of agents for the 
continuous control teams. 

A pilot installation for decladding spent fuels by sublimation of the magnesium 
claddings has been developed. This process has the advantage of making possible 
the decladding of a very varied range of fuels. In addition, it makes it 
possible to separate the very radioactive wastes from the less radioactive, the 
latter being able to be directly packaged for coating in tar. In the first test 
operation of this pilot installation, 2.5 tons of spent fuel were decladded under 

excellent conditions • 

b) La Hague Plutonium Extraction Plant (UP 2) 

The year 1969 was marked by three operations for processing spent fuel coming 
from the three Chinon reactors and having maximum combustion rates of 2,300 

MWd/t. . 

The La Hague plant processed Chinon 3 fuels of a new type for which it appeared 
that the mechanical decladding was not satisfactory. The technicians were able 
to solve all the problems connected with the chemical decladding initially 
anticipated as standby and which strongly suited this type of fuel. In 
addition, this mode of decladding will be particularly suitable for the fuel of 

the Bugey reactor. 
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As in 1968 , these operations made it possible to concentrate solutions of 
neptunium 237. 

A process, applicable in UP 2, for separation of the uranium and the plutonium 
from the Rapsodie fuel was developed in the laboratory for the "Fortissimo" 
operations . 

Tests on a new process for preparing in large quantity uranium nitrate by 
catalytic reduction with hydrogen were successftilly undertaken. Numerous 
developments of methods and equipment were made to increase the productivity of 
the laboratories; real time analysis of the mass spectrometers by computer, use 
of atomic absorption and infrared spectrometry for routine control, automation 
of the quantity determination of plutonium by calorimetry and of the preparation 
of samples for the mass spectrometry. 

For maintenance, an important effort for optimum use of the proper means made it 
possible to reduce very considerably the volume of the work awarded to outside 

businesses. 

In the matter of equipment and adjustment work, among others there should be 
reported in 1969; 1) the completion of the new fluorination-calciothermy line, 

2) the putting in service of the installation for dissolution of the oxides and 
the plutonium wastes, and 3) the putting in service of the new assembly unit of 
the medium activity plutonium shop. 

B. Chemical Studies on Plutonium Production 

1. Improvement and Expansion of the Processes for Processing Spent Fuels 
a. Improvement of the Decontamination Factors 
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The process, tested successfully in 1968 at Fontenay-aux-Roses, to chelate the 
fission zirconium by hydrofluoric ions, responsible for the degradation of the 
solvent and for the successive lowering of the plutonium decontamination 
factors, was used on the one hand at the Marcoule plant, and on the other hand, 
at the processing shop for Rapsodie fuels. In both cases it was possible to^ 
obtain satisfactory decontamination factors. 

b) Fuels from the EDF Reactors 

The contemplated introduction of a graphite core into the uranium rods of the 
fuel elements of the EDF reactors required a series of studies on the processing 
to be applied to them during their removal from the reactors; clarification by 
centrifuging of the dissolution solutions, periodic purging of the dissolution 

tanks I etc . 

The tests on inactive fuels have been completed and the Marcoule pilot shop has 
been equipped for operations on spent rods which, alone, will be able to 
foreshadow the actual conditions of the future processings. 

c) Fuel from the Fast Neutron System 

The AT1 pilot shop built at La Hague to process the spent fuels of the Rapsodie 
core was radioactive tested with the processing of 220 fuel pins representing 
25 kg of mixed UO 2 -PUO 2 mixed oxide, or about seven assemblies. The 
first dissolution took place on 21 January 1969 and the operation lasted more 

than a in onth* 

Although the average combustion rate has not exceeded 18,000 MWd/t, drawbacks of 
the strong concentrations of fission products have appeared; insoluble products 
(or reprecipitated after dissolution), in particular molybdenum, have proven 
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very difficvilt to separate. They have frequently clogged the filters, 
necessitating numerous and delicate interventions. 

Apart from these difficulties, the operations have progressed without 
significant incident and the efficiency of the process has been greater than 99 
percent. The specific activity of the fuels was very variable. The most spent 
having reached a combustion rate greater than 40,000 MWd/t exhibited, even at 
the end of the deactivation time, a beta activity of about 6 curies per gram. 
However, the residual beta activity of the final product, after three extraction 
cycles, was always less than 0.1 microcurie per gram, which represents an 
overall decontamination factor greater than 6.10*^ for the most radioactive lots. 
These excellent results are explained in large part by the effectiveness of the 
hydrofluoric ion process described above. 

d) Study of the Saint-Gobain-Robatel Centrifuge Extractor 

In addition to the hydrofluoric ion process, other methods to limit the effects 
of the chemical and radiolytic degradation of the solvent were contemplated. 
Extraction equipment was sought making possible very short contact times between 
the two phases while assuring high deliveries. Thus, Saint-Gobain Techniques 
Nouvelles and the Robatel Company studied and constructed an original model of a 
centrifuge extractor. 

After several additional developments, a model was tested on the uranium at 
Fontenay-aux-Roses. In view of the excellent results obtained (yields greater 
than 99.9 percent), it was decided to continue the tests, on the one hand on 
special industrial centrifuges with natural uranium at the Le Bouchet plant, and 
on the other hand on a small model device with radioactive solutions at the 
Marcoule pilot shop. The two series of tests gave satisfactory results. 
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e) Corrosion of Material 

The modifications made to the fuels and to their processing caused numerous 
corrosion problems, in particular for the stainless steels used. Adaptations of 
their composition to that of reactive mediums had to be made. On the other 
hand, the attack itself on titanium by nitric acid has been shown which makes 
the use of this metal hazardous in some cases. Zircaloy-2 does not give rise to 
the same phenomena and thus exhibits a safer behavior. 

f) Putting Automatic Control Equipment in Service 

Several devices for automatic control of the processes have been proven in 
radioactivity at the Marco\ae pilot shop: diode alpha detectors, krypton 85 
detectors to follow the dissolutions, alpha counters with gamma absorption meter 
for continuous measurement of the density of the radioactive solutions, ... 

[1969, unnumbered page] 

3 . Plutonixxm 

[Excerpt] The year 1969 constituted an important turning point for the 
reprocessing of spent fuels. The development of the military programs and the 
new directions of the nuclear power programs led the AEC to launch technical and 
economical studies on the development of the activities of its two plutonium 
plants . 

The complex that they form will represent a major asset for France when, around 
1975, an important European market for reprocessing the fuels from ordinary 
water reactors will develop. But it is necessary that at that time the plants 
of the AEC will be in a competitive position from the international point of 
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view both for the production costs of plutonium extracted from the fuels of the 
EDF reactors and for the offers of services to foreign clients, and that they 
also be ready for the reprocessing of the Phenix fuels. 

To do this, one of the existing plants will be equipped at the end of the 1971- 
1975 period with an expansion called "oxide head" making it possible for it to 
process these fuels. 

[1970, page 33] 

10. EDF Nuclear Power Plants 

a) Chinon 1 

[Excerpt] The operation of Chinon 1 was very satisfactory in 1970, the 
utilization factor reaching 0.75. This year there was no cladding break of the 
fuel. Despite a shutdown for unloading and maintenance of more than a month and 
a half, from 26 June to 15 August, the power plant linked to the grid for 
6,979 hours (290 days) had a gross production of electricity of 556,200,000 kWh 
and a net production of 456,1000,000 kWh. 

b) Chinon 2 

During 1970, Chinon 2 continued to operate very satisfactorily since the 
utilization factor reached 0.90 as opposed to 0.88 in 1969. Despite a shutdown 
of a month for maintenance, from 29 March to 29 April, the gross production of 
electricity was 1,800,600,000 kWh and the net production 1,580,300,000 kWh. As 
in 1969, the power plant remained continuously linked to the grid except for the 
shutdown period (7,983 hours or 332 days) and almost always operated at full 
power. It can be recalled that from 1 October 1968 to 31 December 1970, the 
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gross and net productions of electricity at Chinon 2 were respectively 4,093 
million kWh and 3,486 million kWh. 

Only a single cladding break was recorded on an experimental fuel element, and 
this despite the very high irradiations reached by a significant number of 
channels (from 6,000 to 7,000 MWd/t for the most irradiated fuel elements). 

c) Chinon 3 

The power plant continued to undergo the power limitations imposed on the one 
hand by the vibrations that appeared on the new exchangers, and on the other 
hand, by the fears of corrosion of certain structures by the carbon dioxide. 

But on the other hand, the limitations imposed by the fuel elements during 1969 
were raised in the first half of 1970. 

[1970, pp 97-99] 

Plutonium 

A. Plutonimn Production 
1 . Plutonivun-Generating Reactors 

[Excerpt] The operation of the G2 and G3 reactors in 1970 was smooth, with a 
shutdown for each reactor of three weeks for maintenance. The load factor 
reached 94 percent. 

G3 operated without interruption for a period of 403 days, without incident 
affecting the operation of the reactor, thus setting a record. The shutdown 
which occurred after this period was scheduled for several months to perform 
maintenance work. 
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The production of electricity of the power plants associated with G2 and G3 in 
1970 was 617,000,000 kWh gross and 582,000,000 kWh net. Since the beginning, 
their accrued production of electricity has reached 5,481,000,000 kWh gross, or 
5,122,000,000 kWh net. 

2. Plutonixun Extraction Plants 

The chief preoccupation of 1970 for the Marcoiile and La Hague plutonium 
extraction plants was the necessity of adapting the personnel to the programs 
planned for the next years; the new starts were facilitated by a policy of 
urging and redeployment. 

a) Marcoule Plutonium Extraction Plsmt (UP 1 ) 

The Marcoule spent fuels processing plant processed the fuel from G2 and G3 
according to expectations. The addition of fluorine ions in the extraction 
solutions made it possible to improve production, the quality of finished 
products and to reduce the operating personnel as a result of the shutdown of 
the high activity installations of the plant each weekend. 

In addition, a reprocessing operation for plutonium-aluminum fuel coming from 
the Celestin 1 reactor, performed during the second half of the year, made it 
possible to recover 50 kg of plutonium with a very high content of heavy 
isotopes. 

The plant thus confronted with the problem of the processing of the fuels with 
very high rates of combustion was able to test the capability of the personnel 
and the installations to process the fuels of this type. The experience 
obtained was advantageous from the prospect of future processing of the fuels 
from the electric-generating reactors. 
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The development of a new process with a base of iron and copper salts made it 
possible to increase significantly the ruthenium decontamination factor during 
the processing of the effluents at the Marcoule plant* 

The general improvements of the operating conditions brought about a 
considerable lowering of the volumes of effluents produced. Their coating with 
tar, well developed on an industrial basis, holds the attention of numerous 
foreign specialists. 

b) La Hague Plutonium Extraction Plant (UP 2) 

The technical and economic studies undertaken in 1969 on the development of the 
reprocessing activities of the La Hague center were continued after the official 
announcement of the putting into service at the beginning of 1975 of a new 
installation which will assure the particular operations necessary for the 
introduction of the fuels from the ordinary water system in the reprocessing 
cycle existing for those of the graphite-gas system. 

Two reprocessing operations for the spent fuels coming from the Chinon reactors 
were performed in 1970. They furnished advantageous information because the 
fuels had maximiun irradiation rates exceeding 3,000 MWd/t. 

The operation of the shops, at high mass deliveries of plutonium, has been 
satisfactory and the products coming out, spent uranium and plutonium, have 
always been of very good quality. 

The high irradiations have shown the necessity of taking additional precautions 
and of reducing as much as possible the dead time during which the highly 
irradiated rods are placed in air. 
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To facilitate the operation with the personnel provided, the studies and 
automation work at the plant and in the laboratory have been developed and the 
improved knowledge of the process has made it possible to reduce very 
considerably the program of the euialyses. 

Moreover, the operations for recovery of neptunium have been continued. During 
rinsings in an alkalin medium of evaporators for fission products, concentrated 
solutions of cesium 13V have been able to be separated and stored for possible 
treatments in the cesium 137 recovery shop, Elan II B. 

Finally, a first drilling operation of spent fuels with graphite cores occurred 
in the pilot lines at scale 1 of the decladding shop. 

B. Plutonivim Supply 

The civilian (for the Phenix fast neutron reactor prototype) and military 
national needs continued to be covered in 1970 by the production of the Marcoule 
and Chinon reactors. At the same time, the deliveries of Canadian spent fuel 
continued, in application of the contract signed with the Atomic Energy of 
Canada Limited. 

C. Chemical Studies on the Production of Plutonium 
Studies on the Processing of the Spent Fuels 

a) Processing of the Fuels from the Fast Neutron System 

In 1970, the ATI shop at La Hague processed 576 Rapsodie fuel pins, irradiated 
on average at 40,000 MWd/t, or about 50 kg of fuel in all. The cutting fuel 
pin by fuel pin presented no difficulty. The dissolution per load of 27 or 28 
fuel pins was done quickly; its progress was followed by measuring the activity 
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of the krypton in the gaseous effluents, which made it possible to reduce by a 
third the previously used boiling time. The a posteriori checking of the 
claddings by a physical process making it possible to monitor instantaneously 
the presence of fissile materials with a sufficient sensitivity, shows that they 
virtually no longer retain any fissile material. 

The dissolution liquids contain fine blackish particles in suspension, insoluble 
fission products very difficult to separate on the present filters of stainless 
steel sintered on accoiint of very fast clogging. A pulsating filter, under 
study jointly at Fontenay-aux-Roses and at the Marcoule pilot shop, should 
eliminate this difficulty, while increasing the decontamination factor. 

The use of hydrofluoric acid during the operations for extraction by tributyl 
phosphate has greatly reduced the precipitates of interphases and has made it 
possible to obtain the desired decontamination factors; 5 • 10^ with ^^zr, 10*^ 
with ^^Nb and 10^ with ^^^u. 

If the shop does not separate the uranium from the plutonium, the overall 
fissile materials loss carried away with the claddings is less than 1 percent. 
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1972 


At the DPI plant at Marcoule; 


A campaign focusing on several tons of spent 
(2 000 to 4,000 MWd/t), SiCrM type, made it 
to'verify that there were no problems as far 
handling, chemical procedure, performance or 
production were concerned. 


fuels 

possible 

as 


The "high activity" plants have been harnesses to 
reprocess UAl (alloy of uranium and aluminum) fuels 
from the Celestin reactors and fuels for MTR-type 
research reactors, both French and foreign: the first 
run will begin in January 1973. 
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FRANCE 


UNKNOWN 

//SCIENTIFIC AND TECHNICAL ACTIVITIES 197A & 1975// 

— /— /197A, 1975, V , N , pp 18-19, 21 

Paris 

The Hague Plant Up-2 Nuclear Reprocessing Plant 
UNKNOWN AUTHOR in French 

[Article Issued by the Atomic Energy Commission] 

[Excerpt] The essential fact about fiscal year 197A for the Hague Center 
was that two production units, UP2 (processing metal fuels) and ATI 
(processing of "rapid" oxide fuels at Rhapsody), worked all year at a rate 
very close to target capacity. 

In fact, for the first time since the opening of the Center, UP2 and ATI 
were able to utilize a sufficient number of programs to test their real 
possibilities on a regular long lasting production run. As a result, some 
particularly useful lessons were obtained as concerns equipment reliability 
and improved procedural performance as a function of time. 

In UP2, nearly 650 tons of radiated fuels, obtained from all the graphite- 
gas (GG) -natural uranium reactors in service, were processed in the course 
of two runs. During this period, the following were perfected: the new 
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assembly line to scurf graphite-core fuel elements, the new dissolver fueling 
device (PAD), the processing of annular fuels from the plant at Bugey, and 
the plutonium purification process in the third cycle using tributyl 
phosphate and hydroxylamine nitrate. 

The results obtained were very satisfactory, both in yield and in the clearly 
improved quality of the finished product. On the other hand, average produc- 
tion capacity has been shown to be particularly sensitive to changes in the 
nature of fuels and to the reliability of certain equipment. Important 
improvements in this last field have been obtained and must be followed up. 
One can assume that the problems Involved in processing GG fuels have been 
solved and that the transfer of these activities to the UPl plant at Marcoule 
will be made without major difficulties. 

Moreover, a receiving run in the pool for bare elements from GG plants of 
twenty-six oxide fuel flasks obtained from three European ordinary water 
reactors has shown the delicate problems involved in handling and unloading 
casks containing fuels in bad condition. 

At ATI, more than 200 kilograms of uranium and plutonium fuel from the 
Rhapsody reactor have been processed, thus exceeding the plant's normal 
capacity. The radiation rates have reached 85,000 MW j/t. Yields from 
fissile material have been very remarkable, thanks to the perfecting of 
new operating conditions in the dissolution and the first cycle extraction 
stages. These results permit us to consider the possibility of reprocessing 
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radiated fuels in the rapid neutron system by means of water, even at very 
high rates of radiation, without losing fissile materials which would be 
Incompatible with a satisfactory yield for the whole cycle. 

From the standpoint of equipment, 1974 was noteworthy at the Hague Center 
for the continued progress in the construction of the HAO (high oxide 
activity) plant and complementary equipment required for IJPZ so as to ensure 
processing of oxide fuels. With work proceeding according to plan, the 
following projects were underway at the end of 1974: "cold" testing for 
flask receiving and fuel storage facilities and the third cycle of uranium 
purification. 

In addition, several projects for ventilation and safety were completed in 
the plant, aiming especially at improving working conditions and the safety 
of personnel from radiation. 

Finally, as pertains to the field of data processing, the new plant acquired 
and put into service two T 2000-20 calculators destined to replace a system 
using 2030 processors. 

fhc 

2. hk HAGUE PLANT (UP 2) 

The essential facts for 1975 concerned, first of all, the very satisfactory 
opening of receiving and storage facilities at the new HAO plant, and the 
"cold" test on shearing, dissolution and purification units in this same 
location. 
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At the same time, production runs were carried out at UP2 (metal fuel proc- 
essing) , and at ATI ("rapid" oxide fuel processing at Rhapsody and Phoenix) . 

At UP2, nearly ^00 tons of radiated fuel obtained from all EDF (Electriclte 
de France) reactors of the GG type were processed in the course of two runs. 

It was during this period that the following were perfected; the third 
cycle of uranium purification in centrifuge extractors, the facility for 
valence IV uranium production by means of hydrogen catalytic reduction, and 
the new preparation and automatic distribution unit for reagents of the MAU 
(uranium medium activity) plant, where uranium - plutonium separation takes 
place. 

The results as a whole have been satisfactory, especially in relation to 
the rate plutonium is recovered in the form of Pu02. 

However, several difficulties should be noted as regards decontamination 
in the first and second cycles of extraction due to the aging of the solvent 
and increased rates of fuel radiation. 

In addition, receiving and storage facilities at HAO (upper Illustration) 
were put into active service in January 1975, and after several improvements 
in water processing, nearly ninety flasks containing a little less than one 
hundred tons of oxide fuels obtained from the Franco Belgian reactor SENA, 
the Phoenix reactor and from several boiling or pressurled water reactors 
have been received and unloaded under very satisfactory operating and safety 
conditions. 
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At ATI Cthe "rapid" oxide fuel processing facility), after two very satis- 
factory processing runs for over seventy kilograms of fuel at "Rapsodie 
Fortissimo" and Phoenix, operations had to be interrupted because of a 
break in the detachable link on the transporter bridge of the mechanical 
cell. 
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1977 

The Purex process is the one used at the Hague at the UP-2 
plant which began operating in 1966. Since that time the plant 
has received more than 1,300 transport containers, has 
processed close to 3,000 tons of irradiated fuels from the 
electrical power production reactors of the "gas-graphite" 
reactor system, and as such has produced more than 4,000 kg of 
plutonium. 
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NUCLEAR 

ENERGY APPLICATIONS 

Annuoi Report 
1978 
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Industry reorganization underway in this area 
since April, 1976, date of Novatome’s creation, is 
now complete. The last phase of this reorganiza- 
tion was the establishment on March 20, 1978 of 
the Soci^t^ dc Systdme Frangaise pour les R6ac- 
teurs Avanc^s (S.Y.F.R.A.), a company whose 
capital is shared by the CEA (60%) and 
Novatome (40%). S.Y.F.R.A. is responsible for 
mthering and reformulating its shareholders’ 
Know-how and information in the field of fast neu- 
tron reactor systems. The resulting documents 
constitute the license proposals which the Soci6t6 
Europ^enne pour la Promotion des Syst^mes de 
R6acteurs Rapides au Sodium, know as S.E.R.- 
E.N.A., a company established under French law, 
will be in charge of negotiating. 

Despite its sound technological lead, France 
clearly announced that it had no intention of con- 
ducting isolated development of fast neutron reac- 
tors, which the energy situation makes 
indispensable for several nations. While taking 
care to preserve the benefits derived from years of 
efforts and France’s leading role in this field, the 
CEA has endeavored, in accordance with govern- 
mental directives, to develop contacts and pro- 
mote agreements with domestic and international 
partners. The industrial agreements associating 
Novatome for France, N.I.R.A. (1) for Italy and 
I.N.B. (2) representing a group of West German, 
Belgian and Dutch industrial concerns, is an illus- 
tration of the special ties established among 
European countries. The negotiations undertaken 
by S.E.R.E.N.A. should result in industrial and 
commercial developments involving new partners, 
through license agreements. 

In the field of research and development, agree- 
ments range from comparison of general informa- 
tion on fast neutron reactor systems to extensive 
know-how exchanges and coordination of pro- 
grams. In addition to the above mentioned organi- 
zations, these agreements also involve Great 
Britain s U.K.A.E.A. (3) the United States Depart- 
ment of Energy. Japan’s Power Reactor and Nuc- 
lear Fuel Development Corporation and the 
Soviet Union. 

Each year in a slightly broader, more complete 
conte.xt, breeder reactor development comes 
closer to the goal of alleviating dependence on nat- 
ural reserves for energy supply. 


Irradiated fuel 
reprocessing 

Closely associated with fast neutron reactor 
development, the irradiated fuel reprocessing pro- 
gram consists of two basic activities: operation of 
existing plants and preparation of future industrial- 
scale facilities. 

F ranee’s European part ners and Japan arc also 
carrying out dynamic reprocessing policies. Thus 
the Belgian government signed an agreement in 
July, 1978 transferring under stale control the Mol 
plant, previously operated by the Eurochemic 
company, which logically would indicate that a 
decision will be made to put this plant back in ser- 
vice with a potential capacity of 300 tonnes per 
year. In Japan, an industrial-scale facility is sche- 
duled for 1990 to replace the Tokai Mura demon- 
stration plant which reprocessed 19 tonnes of fuel 
in 1978 before shutting down due to an incident. 
West Germany, where the Wak pilot plant contin- 
ues to operate satisfactorily, is pursuing studies 
and preliminary work on construction of an irradi- 
ated fuel reprocessing center at Gorleben. In 1978, 
the firm in charge of building this plant, D. W.K. ( 1 ), 
acquired part of the necessary land and made 
intensive efforts to secure final approval of the fed- 
eral government and the state of Lower Saxony. 
The Gorleben reprocessing plant will have an 
annual capacity of 1500 tonnes and should be 
operational by the end of the next decade. It was 
also in 1978 that the positive conclusions of the 
public hearing on extension of the Windscale com- 
plex were published in Great Britain. The govern- 
ment of this country approved construction of the 
THORP facility (2), which will have a capacity of 
1200 tonnes per year and should be commissioned 
in the late 1980s. 

All of these projects are being carried out in 
each country according to the spirit of thecompie- 
hensive l.N.F.C.E. (International Nuclear Fuel 
Cycle Evaluation) discussions on improving non- 
proliferation measures. 

In France, research and development has been 
conducted on extension and renovation of the La 
Hague UP2 complex. LWR fuel reprocessing 
capacity of this complex is scheduled to be 
increased to 650 tonnes annually in 1984 and 800 
tonnes at a later date, while maintaimtig limited 
capacity lor reprocessing some gas-graphite reac- 
tor fuel for techn„.al reasons. The decision to build 
the new UP3A L.WR fuel reprocessing plant on the 
La Hague site has been officially cotifirmecl and 
studies in progress on this facility include cemfine- 
menl technique improvement s facilitating supervi- 
sion of sensitive materials. 


(1) N.I.R.A.: Nucleare Italiana Reattori Avanzati. 

(2) International Natrium Brutreakturbau 
Gesellschaft, a German company. 

(3) U.K.A.E.A.; United Kingdom Atomic Energy 
Authority. 


(1) D.W.K.: Deutsche Gesellschaft fur Wiederaufarbei- 
tung von Kernbrennstoffen. 

(2) THORP: Thermal Oxide Reprocessing Plant. 
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On-line Vilrificalion Furnace for ihe New Atlas Facility desiyned lo study gas scrubbing for future on line vitrification units 
(Chemistry Division, Hvidioactivity Engineering Department, at Marcoule). 


cessed the first (enriched uranium) half-core for 
the Ph^nix reactor and implementation of the first 
UOyPuO., (uranium/plutonium mixed oxide) fuel 
reprocessing program began at the end of the 
year.These operations thus provide a larger scale 
supplement to the experience acquired during ten 
years of operation of the La Hague ATI pilot plant. 

In addition, mechanical operations constituting 
the initial phase in reprocessing breeder fuels are 
being studied intensively and will be the subject of 
comprehensive prototype experiments. 

In order to demonstrate reliability of the repro- 
cessing method employed for these fuels, it was 
decided in October, 1978 to build a large-scale 
pilot facility, the TOR (Fast Breeder Oxide Pro- 
cessing) plant, which will be a scaled-up replica of 
the existing Marcoule plant using part of its equip- 
ment, The projected capacity of the TOR plant will 
permit reprocessing of all Phenix reactor fuel, and 


Special attention is given to constraints related 
to reprocessing byproducts, primarily by investi- 
gating means to limit quantities of waste produced 
and, for those which are inevitable, by searching 
for ways to enhance processing and packaging 
techniques. 

The Marcoule Vitrification Facility (AVM Facil- 
ity) was successfully commissioned in July, 1978, 
thus demonstrating the validity of the high-level 
waste solidification process developed by the 
CEA. Ongoing studies are being carried out to 
adapt this process to treatment of wastes pro- 
duced by reprocessing of more intensively irradi- 
ated fuels at higher rates in large facilities such as 
the one installed at La Hague. 

A significant proport ion of R & D work on repro- 
cessing is being devoted to development of tech- 
niques applicable to breeder reactor fuels. The 
Marcoule pilot facility has successfully repro- 
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will also provide the possibility to process small 
volumes of other fast neutron reactor fuels. Con- 
struction work has begun and startup of the TOR 
plant is scheduled for 1984. 

To prepare for the next phase, studies began in 
1978 on design of the Fast Breeder Fuel Pilot 


Reprocessing Plant. Referred to as the PURR 
plant, this facility will have the capability to repro- 
cess irradiated fuel from the Super Ph^nix reactor 
and subsequent similar-type plants. Commis- 
sioning of this plant should be feasible by the end, of 
the next decade. 


I 

I 
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NbuveBcs fe ^i^tiaDy a 
which .bet^t 1 M..»Ctive in l9K--fiSidn£lre6«»t « 
CEA contract Ipr 4lesi^>rtq.:c 
Marcoule. 


h- dStoi -i^jcort^iV^ radioactive mate- 
injR laboratories and research centers 

if ii i^^^'^Mfrerait^tly ki cooperation with Technkatome for 

' [-i • ■ 

_ - _ r^rocessing : iimi construction of special installations 

InstailaHcBis. : • or components tor radwad^^ 

1978, the S.G.N. is active in nuclear and otemical . 
engineering, environmental protection wtd auto- 
mation. Nuclear activities account for appioid- 
mately 80% of the compai^’s turnover, wwh 
totalra about 200 million francs in 1978. ' ; ^ ; 

En^neering work focusses on tlie fuel cycle ; 
back end, particularly design and constructico of ; 
facilities for reprocessing irradiated fuel eleme^ 
and radioactive materials. These activities , 
irKlude: '/ { 

— fuel reprocessing and all related oiwrations, te. , 

reception and storage of fuel, processing of decon- 
taminated uranium and plutoniian; £ 

— processing of wastes from reproc^iM plan^ ' 
reactors or research centers, for which the S.GJj • 
utQizes two original CEA processes, nanww vitnn- v 
cation (as performed in the Marebu® AyMfaciBty 

. for high-lcvd wastes) and twturh^raatrix jenc^ 

, sulation of n»dBum-l^^i^^ 


Most of S.G.N.’s activities in 1978 were related 
to projects in France, notably the new Cogema 
reprocessing facilities at La Hague. 

The CEA entrusted S.G.N. with design studies 
on the TOR pitot plant at Marcoule for fast neu- 
tron reactor fuel reprocessing. 

S.G.N. has also worked for foreign clients on 
design of research centers, subassemblies and 
components (Japan, Belgium and Sweden), as 
well as vitrification facilities based on the CEA pro- 
cess (Germany and Belgium), and this should nor- 
malV result in future supply contracts. 


:;'r' 


S.G.N,;r. . , , 

An engineering firm with a capital of 
j26,2CKM^ firaiics owned by Cogema (60%) and 
. r-i waawi ww — p. , JSdrt-wbain ¥>ont-i-Mou8son (40%). 

';iB.le,lc«3e.lecittiw;:aaaiipa^ :SSMiV 
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1979 


general shareholders 
meeting 25 June 1980 
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Construction of the NPH pond. 
Capacity: 2 000 tons, light water fuel 
(La Hague facility) 


R & D and engineering for expansion of capacity (LWR fuel reprocessing projects UP2 800 and UP3) were 
actively advanced in 1979, in step with progress in licencing procedures. 

The new common fuel storage pool common to UP2 800 and UP3 is now nearing completion, all the 
heavy civil engineering works and structures having been terminated before the end of 1979. 

Files and plans for the other common items are at present being examined by the company in charge of 
projects engineering, the Soci^te G^n^rale pour les Techniques Nouvelles (SGN). 

Application for « recognition of public benefit » of new extensions to the La Hague plant was submitted to 
the Ministry for Industry by the general administrator of the CEA on March 19th, 1979, with supporting 
files, and the official public enquiry (local and regional consultation of the public) was closed on June 18th. 
Information concerning the project was made widely known. 


The conclusions of the report established by three experts appointed by the «Pr^fet» (chief administrative 
officer of a « D^partement ») of the Manche D^partement, submitted on the 29th of July, were very favor- 
able. 

Finally, the replies to questions raised by the public and local and regional administrative offices, were 
submitted to the « Direction Interdepartementale de ITndustrie# on October 10th. 

Since that time, the licencing procedure has approached conclusion (approval by the «Conseil d'Etat») 
without any trouble. 

The above has of course been accompanied by examination of the preliminary safety reports by the SCISN, 
the organization entrusted with study and approval of the safety aspects on nuclear base plants. 

Entitlement to the special « Grand Chantiero procedure was granted by the authorities. The officer in 
charge has begun to collect the necessary information while the «Pr^fet» has started the preliminary phase 
of program drafting. 


I 

I 

f 


I 


I 
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Marcoule spent fuel processing facility 

280 tons of GG reactor fuel assemblies from the power utility reactors and the Franco-Spanish Vandellos 
power plant were processed at Marcoule last year, in addition to spent fuel from military sources. The total 
tonnage was in excess of the load planned at the start of the year. 


There was a little trouble in operation of the veteran reactors G2 and G3. As it is known, graphite blocks 
are subject to swelling under irradiation, which is one of the effects which determine the service life of this 
facility. 
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The final shutdown of G2 on February 1st, 1980, was U(?dded at the enn nr i <^79, where as G3 was put back 
into operation on December 10th, after a scheduled shutdown, and has operated quite satisfactorily since 
then. 

The two Celestin reactors, used mainly to produce plutonium, operated normally throughout 1979. 

There is nothing to report of any note concerning the fission product vitrification plant in operation since 
June 27th, 1978. By the end of 1979, the plant's output was 252 glass-filled dmms, for an input of 165 cubic 
metres. 

The plant's design and efficiency continued to attract a great deal of attention, and it was visited by numer- i 
ous French and foreign nuclear engineers and other specialists. 

It was decided last year to invest in new storage pools and decladding shops for GG reactor fuel. A number 
of other projects are still being considered. 


general situation 


pent fuel convoys (another responsibility of our reprocessing division) were numerous last year, and [ 
the order book of the reprocessing division is filled to capacity until the start of the ne.\t decade. : 




Marcoule facility, vitrification plant at Marcoule and t/f, reprocessing plant 


I 
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1980 



In 1980 at its two plants in The Hague and Marcoule, Cogema 
reprocessed: 


516 tons of fuel from the plants of the "natural 
uranium-graphite-gas" reactor system of EOF and from 
the French-Spanish plant at Vandellos. To this must 
be added the fuels from the two plutonium-generating 
reactors G2 and G3; 


102 tons of fuel from the regular water reactor system 
(at The Hague only) ;; 

and 1.5 tons of fuel from the Phenix "supergenerator". 


/ 
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FRANCE 


C06EMA ANNUAL REPORT FOR 1982 

Paris COGEMA RAPPORT ANNUEL 1982, 28 Jun 83 pp 19-25 

[Section of the General Nuclear Materials Company's annual report for 1982 
dealing with nuclear fuel and reprocessing activities as presented at the regu- 
lar annual stockholders' meeting on 28 June 1983] 

[Text] Nuclear Fuels Division 

The year 1982 was marked by the consolidation and organization of structural 
changes made in 1980 and 1981 in connection with the following: 

1 . Fuels Intended for PWR reactors : 

a) The agreements between COGEMA [General Nuclear Materials Company] and 
FRAMATOME [ Franco-Amerlcan Atomic Construction Company]. 

b) The establishment of FRAGEMA and the CFC as subsidiaries in partnership with 
FRAMATOME. 

2. Acquisition of the SIGN. 

Fuel for Water Reactors 

FRAGEMA and the CFC are general partnerships that were established in 1981 by 
FRAMATOME and COGEMA as equal partners, the purpose being to better organize 
their activity in a field that concerns both the boilermaker and the manufac- 
turer of the nuclear cycle. 

FRAGEMA's purpose is to design and market fuel for light -water reactors, and in 
1982 It managed contracts representing the production of approximately 1,800 
fuel assemblies (830 tons of uranium content) and 1,400 clusters. 

The qualification program for advanced-type fuel (AFA) , which is being carried 
out in cooperation with the CEA [Atomic Energy Commission], is in the completion 
phase and will permit the reloading of a power reactor with that fuel in 1984. 
With technical support from the CEA, FRAGEMA is also preparing for the use of 
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fuels utilizing gadolinium* as an Integrated poison. Those fuels will be 
loaded into a number of assemblies in 1983. 

The CFG, whose purpose is to fabricate fuel, continued construction work on its 
plant on the Plerrelatte site. The startup of that plant, scheduled for the 
start of 1984, will result in the industrial production of the first fuel re- 
loads in 1984. The plant produces both standard fuel and advsnced fuel (AFA) . 

Fuels for Breeder Reactors 

In 1982, the Nuclear Fuels Division continued construction work on the first 
core for Super Phenlx 1. Using fabrications from the SIGN and AGIP-Nuclear 
[Nuclear Division of Italian National Oil Gompany], the dummy loading of that 
reactor took place in July 1982. 

Gompletlon of the fissile elements by the GEA Plutonium Shops in Gadarache, 
of the control assemblies by the SIGN, and of the various measuring devices 
necessary for startup is at an advanced stage and should result in deliveries 
to the Greys-Malville site in September or October 1983. At the same time, an 
3 greeiii@nt has been signed with NOVATOME and NERSA covering planning for exe- 
cuting the first two reloads, and procurement of the necessary supplies has 
started. 

Thought is already being given to the post-Super Phenix program, and in that 
connection, GOGEMA continued its preliminary planning for a plant to fabricate 
fuel for breeder reactors Cthe FOR project). This phase of planning should be 
completed in the first half of 1983. 

Fuel for Natural Uranium, Graphite-Moderated, Gas-Gooled Reactors 

In 1982, GOGEMA supplied the EDF [French Electric Power Gompany] and the French- 
Spanlsh*HIFRENSA [Spanish- French Nuclear Power Gorporation] with 300 tons of 
standard fuel (for use at Ghinon 2, Ghlnon 3, Saint-Laurent 2, and Vandellos) 
and 145 tons of fuel for Bugey 1, to which was added G3 fuel from Marcoule. 

The corresponding fabrications were provided by GOGEMA' s usual suppliers, pri- 
marily its subsidiary the SIGN, Gezus, Lorraine Garbon, Union Garblde France, 
and the Bologna Ironworks. 

SIGN Activities 

As a result of the gradual winding down of the fabrication program for graphite- 
gas reactors and the drop in activities related to breeder reactor fuel in con- 
nection with delivery of the first core for Super Phenix 1, the SIGN made a 
sizable effort in 1982 to consolidate its diversification activities and develop 
nev fabrications. The following should be noted in particulars 


* Gadolinium is used in the fuel as an integrated poison to control reactivity. 
It permits an Increase in specific bum-up and a lengthening of fuel cycles. 
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At the Annecy facility: 

The start of industrial production at a plant manufacturing camshafts for 
diesel engines and an Increase in quartz crystal production. 

At the Veurey facility: 

The start of a new activity for the production of industrial diamonds. 

For the above purpose, COGEMA gave the SIGN responsibility for executing the 
terms of the licensing agreement signed in 1981 between its subsidiary MINERSA 
and the American Megadiamond firm. A production facility is now being equipped 
in Veurey. The first press was Installed in 1982 after the personnel had gone 
to the United States to learn the technology. The first synthetic diamond 
powder was produced in December 1982. 

Reprocessing Division 

Under the terms of contractual agreements, the Reprocessing Division is respon- 
sible for reprocessing spent fuel from the EDF’s nuclear power plants and for 
foreign customers. It also handles the transportation of that fuel between 
the reactors and the reprocessing plants in La Hague and Marcoiile. It is also 
responsible for the production of plutonium for the Ministry of Defense at spe- 
cial facilities In Marcoule. 

This division is also acting as principal in the expansion work underway at 
the La Hague facility. 

La Hague Facility 

1. Plant Operation 

The La Hague facility continued in 1982 to reprocess spent fuel from the gas- 
graphite and ordinary water reactors. The quantities of that category of fuel 
increased considerably. During 1982, the following quantities were reprocessed 
(in tons of heavy metal — that is, uranium before irradiation): 

From EDF power plants using the natural uranium, grapjiite-moderated, gas-cooled 
[UNGG] system: 226.1 tons. . , 

From various power plants using ordinary water: 153.5 tons. 

In 1982, the plant reprocessed fuel from an EDF ordinary-water reactor (at the 
Fessenheim power plant) for the first time. The operation took place in very 
satisfactory technical conditions. 

The good results that were achieved prove that the UP 2 plant will be able to 
reprocess about 250 tons of fuel from ordinary-water reactors annually when it 
is no longer processing fuels from other types of reactors. 
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It should be noted, however, that despite the 14-percent increase in the ir- 
radiation energy of fuels reprocessed in 1982 (4,078 x 10^ MWJ) as compared to 
1981, the radiological activity of wastes in 1982 was kept at a level compa- 
rable to that in 1981 and remained far below the levels authorized by decree. 
Moreover, the average annual dose received by the personnel directly involved 
dropped between one year and the next: from 235 mrem per year in 1981 to 215 
mrem per year in 1982. 

Those results reflect the efforts made to improve operating and maintenance 
safety in the facilities. 

2. Plant Expansion 

Following the energy debate in Parliament in October 1981, the authorities 
authorized COGEMA to continue construction work on the UP 28 OO and UP 3 plants 
in La Hague. As has already been mentioned, that decision was confirmed at 
the start of 1983 following the conclusion of the first phase of work by the 
scientific committee headed by Professor Castalng. As far as the engineering 
is concerned, the SGN firm of industrial architects (and prime contractor) con- 
tinued its detailed design work for the UP 3 plant’s various shops during 1982. 
The final touches are being put on those designs in cooperation with COGEMA. 

Work on the detailed design of the various plants constituting UP 3 , part of the 
UP 28 OO unit, and the facilities shared by those two plants was therefore 
actively pursued in 1982 by the SGN as prime contractor in cooperation with 
TECHNICATOME, USSI, and TECHNIP. .^In the course of 1982, 2.5 million hours of 
engineering were devoted to those plans. 

The actual work was essentially resumed in the spring of 1982 in accordance 
with the government's instructions. It was concerned primarily with the fol- 
lowing: 

1. Construction of new facilities for concentrating and storing fission prod- 
ucts as well as converting and storing plutonium. 

2. Construction of Pool C (2,000 tons), work on which progressed very normally 
with a view to placing it in service toward the end of 1983. 

3‘. Civil engineering work in connection with the neW Pool D (2,000 tons) and 
the To dry discharging shop. This work began in 1982. 

4. Construction of the new liquid waste treatment station (STE3) , which was 
started in 1982, as was site preparation work for the UP 3 plant's various 
shops. The latter consisted of earthwork for the building sites and approaches, 
excavation for the foundations of some of the shops, and the construction of 
temporary on-site facilities for the industrial architect and prime contractor 
(the SGN) and the various contractors. 

5. The start of construction on the UP 3 complex with the startup of work for 
the T 2 high activity shop. 
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6. In addition, and In cooperation with local and departmental authorities, a 
number of miscellaneous operations relative to amenities as provided In the 
"Major Worksite" procedure adopted for the expansion of La Hague were under- 
taken. They are concerned primarily with facilities for the workers from out- 
, side and their families and with Improvements to the road system. 

In total, as of the end of 1982; 

• An amount of 5,266 million francs had been earmarked for expansion of the two 

plants, and 3,092 million francs had been paid out. 

Manpower on the worksite totaled 2,100 persons, and their number was continuing 
to Increase at the start of 1983. 

Marcoule Facility 

As In previous years, the Marcoule facility operated the UP^ plant In Marcoule ' 

and the plutonium-generating reactors and provided support for the units set i 

1 up by the CEA. 

i 

I Operation of the Celestln reactors In 1982 does not call for any special com- 

I ment. As far as the G2 and G3 reactors are concerned, the CEA-UDIM [Central I 

Unit for Downgrading of Nuclear Installations] took over as operator of the 
G2 reactor on 1 February 1982, COGEMA-Marcoule having completed Its work for 
the permanent shutdown of that reactor as planned with the approval of the 
IPSN (Nuclear Safety Protection Institute], the agency concerned with safety. j 

The G3 reactor underwent major maintenance In the middle of 1982 In preparation ; 

for beginning a new operating cycle. j 

I 

The UP^ plant and Its associated decladding shop were responsible In 1982 for 
the reprocessing of the following: 

1. Spent fuel from the EDF's UNGG reactors: 113.6 tons. 

2. Spent fuel from the UNGG reactor In Vandellos, Spain 189 . 4^^? uel from 
reactors supplying the plutonium required by the Ministry o7 Defense was also 
reprocessed. 

Once again In 1982, It was confirmed that the pace of ‘reprocessing operations 
depends on the operation of the mechanical decladding shop. For that reason, 
the Marcoule plant made every effort to prepare as well as possible for the 
active startup of the new MAR-400 unit for storing and decladding spent fuel. 

In addition to Improving operating conditions, that facility will enable the 
plant to process containerized fuel from the EDF’s UNGG reactors at Chlnon, 
something that Is not possible at present. 

The Marcoule vitrification shop, which is still attracting considerable Inter- 
national Interest, produced 179 containers of glass in 1982, corresponding to 
135 cubic meters of fission products. 
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Lastly, work to establish an investment program spread over several years and 
Intended to renovate the plant’s production and support facilities continued 
during 1982, with special attention being paid to the layout of the new liquid 
waste treatment station. 

Transportation of Spent Fuel 

As regards the transportation of spent fuel — the tonnage of which, in the case 
of fuel from ordinary-water reactors, is increasing steadily — 1982 was marked 
by two important events : 

1. The opening on 4 May 1982 of the new railroad terminal in Valognes. The 

result is that packages of spent fuel shipped by rail can be routed from there 

to La Hague by truck. Designed to meet the future needs of La Hague, this new 
terminal makes it possible to avoid handling those packages in Cherbourg's im- 
mediate suburbs and to reach La Hague by a route that avoids all urban areas. 

2. The launching on 3 May 1982 and commissioning in November 1982 of a ship 

named the "Sigyn." It was built by the Le Havre Shops and Shipyard with fi- 
nancing by Sweden's SKBF [Swedish Nuclear Fuel Supply Company]. The ship, 
which has a French crew, will carry spent fuel from Swedish nuclear power plants 
to the port of Cherbourg. 
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FRANCE 


EXCERPTS FROM 1983 CEA ANNUAL REPORT; REPROCESSING 

Paris CEA ANNUAL REPORT, 1983 in French 1984 pp 24, 27, 28, 83 

[Text] Natural Uranium, Graphite-Moderated, Gas-Cooled Reactors 

The six reactors of the UNGG [natural uranium, graphite-moderated, gas- 
cooled] system still in operation represent an installed capacity of 1960 
MW(E), to which there must be added 480 MW(E) from the Spanish reactor 
of Vandellos of which the French Electric Company (EDF) holds 25 percent 
of the production. In 1983 they produced 6 percent of French electrical 
energy of nuclear origin, a figure which is the lowest of those recorded 
to date. This is due in part to the extension of the PWR system, but 
also to the reduced operation of the UNGG reactors during the past year. 

The problems of corrosion of the steels by hot carbon dioxide (temperature 
greater than 380 degrees C) which appeared particularly in 1982; will 
give rise, in 1984, to considerable service of Chinon A 3. Moreover, 
to avoid the loss of reactivity due to hydrogenated deposits of the Eugey 
1 reactor, it has been decided to feed it with slightly enriched (0.7 
percent) fuel. This solution had been contemplated since the project 
study when the necessity of injecting methane to fight corrosion of the 
pile-up of graphite appeared. 

For this system, the NEC provides a technical follow-up of the instal- 
lations and assistance to the user, EDF, as a function of the needs which 
appear. It plays a special role with regard to the use of the fuels made 
by Cogema, fuels which retain a very high rate of reliability. 

Reprocessing Spent Fuels 

In this field, the research and development activities were marked in 
1983 by five important stages; 

1. The start of construction, at the La Hague site, 6f the large shops 
of the future UP 3 plant, which was made possible by the results previously 
obtained in the laboratories of the NEC and the research offices of SGN 
and' whose development, however, from now on will exert a veity strong 
constraint on the R and D programs to end in the next few years; 
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2. The completion of the main phases of construction of the TOR [Pro- 
cessing of Fast Oxides] project for expansion and modernization of the 
Marcoule pilot plant which will allow installation of the equipment, and 
performance of tests in an inactive medium, starting in 1984; 

3. The reorientation of the Cogema plant project for the fuels of the 
fast neutron system, the size of w4iich Was reduced, but whose timetable 
was met in order to meet the 1986 schedule. This gives priority to 
research connected with the most specific innovations of the project; 

4. The emphasis on the activities' directly connected with reprocessing; 
on the one hand, studies for the management of the "exotic" fuels 
(experimental, damaged, etc., that cannot go directly through the Cogema 
plants) and on the other hand, the (Jevelopment of techniques for dismantling 
operations of the nuclear installations; 

5. The beginning of consideration of the recommendations of the Castalng 
working group, whose report was published at the end of 1982, particularly 
concerning the research on the thorough reprocessing and on handling 

of spent fuels, by ways other than immediate reprocessing. 

In the field of water reactors, studies bn the chemistry of technetium, 
a destabilizing element for the extractions,' and on the use of new reagents, 
such as hydrazine carbonate, facilitating the handling of wastes, were 
performed at Fontenay-atix-Roses. A new oxidizing dissolution process 
for plutonivim oxide was developed'^ The theoretical work of designing 
the operation for the ^tractions in pulsed columns progressed. 

At Marcoule, the various prototypes of UP 3 equipment were used. The 
chopper was used to develop, in cooperation with SGN, the most fragile 
components; the continuous dissolver, "bucket wheel" type, undeirwent 
tests for mechanical endurance and for dissolution of uranium oxide; the 
bank of the ring column was extended and the operation, after coupling 
the columns, was able to be tested; the prototype of the' acid recuperator, 
under reduced pressure, was installed; a revolving bowl percipitator of 
plutonium oxide was studied for Cogema. 

Other tasks in support of the chemistry activities were also pursued. 

These Include the mechanical reliability studies for the wheel dissolver, 
research on the materials resistant to corrosion in a nitric medium, 
particularly on zirconium and its alloys, development Of the methods 
of -automatic and remote analysis (by fiber optics), the experimentation 
at La Hague for the nuclear instrumentations planned for UP 3, particularly 
to measure the rate of combustion of the assemblies at their entry’ into 
the plant. 

Moreover, the NEC is conducting activities tO promote the modern means' 
of remote operation, lii 1983, a mechanical remote 'manipulator produced 
by French industry was tested for, a long time; the satisfacto^ results 
enabled Cogema to pass control of a series of the French supplier. An 
electronic and programmable remote manipulator, designed by the NEC, is 
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also being tested to provide many more possibilities for remote operation 
in the plants. 

With regard to the system of fast neutron reactors, the rating of the 
process for storing spent fuels in water has been brought to term; a^ 
plant of this type will be built on the Creys-Malville site. 

The process of breakdown by cracking of the hexagonal fuel tubes 
was successfully tested, for the first time in active medium, on elements 
coming from the Phenix reactor. Its use is contemplated in the Marcoule 
ISAI installation, then, later, in the Cogema plant project. The con- 
tinuous dissolution of very spent (100,000 MWd/t) fuel pins was under- 
take in a shielded channel at Fontenay-aux-Roses where the behavior 
during the nitric attack on the various types of cladding was observed. 

The main effort, devoted in 1983 to specific equipment, dealt with the 
design study of a continuous dissolver with a helical ramp, a first version 
of which will be mounted in TOR in parallel with the standard batch dis- 
solver. 

In addition to the laboratory research, the NEC contributes significantly 
to the definition of the basic data on the new Cogema project (MAR 600) 
Intended to reprocess industrially the fuels of the first breeder reactors, 
by taking over the preliminary study of the process diagrams. 

The Marcoule pilot plant (SAP) had a regular operation during the first 
half of 1983; 1600 kg of uranium and plutonium were dissolved and 300 
^8 plutonium extracted. During this period, various measurements 
and observations were made, including an evaluation of the fission pro- 
ducts, followed by neptunium, a test of the trapping of iodine on zeolites, 
experimentation of the processing of the solvent by hydrazine carbonate. 

The activity of the SAP was then stopped, the progress of the developments 
of the TOR project having made it possible to undertake, in the second 
half of the year, the connections with the rest of the pilot plant. Final 
construction work and the start-up tests in an inactive medium will be 
carried out in 1984. 

As part of the International cooperation of technology transfer, in 
addition to the exchanges with Great Britain which occur regularly, 
negotiations with other countries having plant projects, such as the 
Federal Republic of Germany and Japan, took place in 1983. 

Reprocessing of Spent Fuels 

1983 confirmed the expertise acquired by Cogema in the field of reprocessing 
fuels of the regular water system. The plant at La Hague reprocessed 
221 tons of this category of fuel in 1983. Since the HAO [High-Level 
Oxide Shop] head was placed in service in 1976, the commulated processed 
amount represents more than 50 percent of the world tonnage. The instal- 
lations at La Hague and at Marcoule have, in addition, reprocessed 214 
tons of civilian fuel from the UNGG system. 
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The important program for expansion of the plant at La Hague, undertaken 
several years ago, was actively pursued in 1983. The new Installations 
of average plutonium activity and the new building for storage of the 
plutonium were placed in service. 

At Marcoule, the unit for storing and decladding of the MAR 400 spent 
fuel went into the operational phase in September. Moreover, the pro- 
ject for a new station for processing effluents should be presented in 
1984. Finally, in the shipping field, Cogema took a 24.26 percent share 
in the Transnuclear company during the year. 
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Articles on the French Nuclear Program 
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FRANCE 


I 


i 

CFDT VIEWS, PROPOSALS ON MARCOULE, REPROCESSING 

t 

Orsay LA GAZETTE NUCLEAIRE in French Jan-Feb 84 pp 2-11 t 

[Text] . Introduction 

♦ In view of the deceptive tricks in the energy debates carried on by the author- 
ities idien governments of the Right were in power, but also at the end of 1981 for 
the consultations with Parliament; 

♦ In view of the growth of pressure groups assaulting local public opinion and en- 
gaging in acts of blackmail against employment, arguing that the choice is between i 

fast breeder nuclear reactors or unemployment at the Marcoule site, the members of , 

the CFDT [French Democratic Confederation of Labor], an organization which is part 

of the government majority, decided on 30 April 1983 at its General Assembly, 
which met at Goudargues in the Department of the Gard to make its point of view 
known to the public: 

— on French energy policy, 

—on the situation affecting nuclear electricity generating equipment, 

— on the suitability of the RNR [fast breeder reactor] system, 

— on the problems raised by the reprocessing of spent radioactive fuel, which 
CFDT workers are very familiar with, as we deal with them every day, 

— and finally on the situation affecting the Marcoule site in this context 
in order to present concrete and realistic proposals. 


As far as the CFDT is concerned, it is essential to state things very clearly: 
the situation affecting the Marcoule plant is a matter for concern and its future 
will be seriously endangered if sufficient account is not taken of the views of 
CFDT members. 






This is the reason this pamphlet was prepared. 


fn doing this the CFDT local union at Marcoule is well aware of not having chosen 
it.i^/present an overly optimistic view of the facility or simplified and overblown 
•yiSi^^Lpgans. 




i V 
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On the contrary, the CFDT union has deliberately chosen a complex and difficult 
path to follow; 

— telling the truth, which often is disturbing, 

—speaking carefully, which it is essential to do in the context of the pre- 
sent crisis, 

— displaying an attitude of solidarity in rejecting any narrowly partisan at- 
titude in dealing with a problem which concerns the whole country. 

This contribution will therefore be added to the already numerous publications 
issued by the National Atomic Energy Union (CFDT) and those Issued by the CFDT 
itself, which the local union at Marcoule totally supports. 

I - Energy Policy 

The possession and control of energy have always preoccupied mankind since go- 
vernments have been established. 

In 1974 the government of Prime Minister Messmer, taking advantage of the petro- 
leum crisis provoked by the multinational oil firms, undertook an extremely ambi- 
tious nuclear energy program. After the policy of "everything from oil" the po- 
licy of "everything electric, everything nuclear" was initiated. 

Since then, while not condemning this recourse to the use of nuclear energy for 
peaceful purposes, the CFDT has made clear it was opposed to this government pro- 
gram. 

Over the years since that time the evolution of events was to prove that the CFDT 
was right. 

1 - Forecasts of Energy Consumption 
1.1 - Total Energy Consumption 
(a) Historical Background 

Since 1970 the official forecasts on the consumption of energy in France have 
been marked by errors and overestimates, which led those making the forecasts ta 
revise them downwards, as the following table shows; * 


•so 
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1.2 - Consumption of Electricity 
(a) Successive Forecasts 

As in the case of total consumption of energy, the forecasts on the consumption 
of electricity were overestimated: 


Date of the Forecasts 

1974 - EDF [French Electric 
Power Company] 


1980 - President Giscard d'Estaing 
and Prime Minister Barre 


Forecasts 

500 GWH [Gigawatt Hours] 
by 1990 and 
1,000 GWH by 2000 

450 GWH by 1990 and 
688 GWH by 2000 


1981 - Hugon Report (high assumption) 416 GWH by 1990 

1981 - Hugon Report (low assumption) 363 GWH by 1990 

Prior to 1980 - EDF 350 GWH by 1985 

Present Estimate - EDF 315 GWH by 1985 

In reality the consumption of electricity was as follows: 

1981 258 GWH 

1982 295 GWH 

Forecast by the CFDT: 

In 1980 the CFDT estimated consumption of electricity by 1990 at 350 GWH. 

1.3 “ Recapitulation: Adjustment of Forecasts 

For the preparation of the Ninth State Plan the forecasters presented the results 
of their reevaluation of the forecasts for 1990, as published in the Hugon Report. 
This Involved a simple adjustment, but the more precis^^adjustment should not have 
led to very different figures. The adjusted forecasts prepared for the Ninth 
State Plan were as follows: 




1985 

1990 


Total Energy Consumption in MTEP 

192.2 

201.0 - 

216.5 

Electricity Consumption in GWH 

295.0 

345.0 - 

367.0 

Coal Consumption in MTEP 

25.1 

27.4 - 

31.2 

Hydrocarbons in MTEP 

107.3 

93.2 - 

100.4 


(Petroleum and Natural Gas) 
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We note that the figure of 220 MTEP estimated by the CFDT for total energy con- 
sumption in 1990 is very close to the revised official estimates and that the 
figure of 350 GWH for the consumption of electricity is well within the upper and 
lower limits of the above table. 

Once again, we say that the official figures were inflated and that reality has 
confirmed the correctness of the CFDT forecasts. 

Finally, we recall that the revised forecasts reflect an economic growth assump- 
tion of 2.2 percent for the period up to 1990 and of 4.6 percent from 1990 to 
2000, which is far from zero growth. 

2 - Meeting Energy Needs 

To meet the energy needs of the country, having in mind the objective of maximum 
independence of foreign sources, the government has the following resources avail- 
able to it: 

— Hydroelectric power 

—Coal 

^Hydrocarbons; petroleum and natural gas 

— ^Nuclear energy 

—So-called "new” types of energy 
— ^Energy savings 

After the phase of "all petroleum-based energy," French governments began the 
•'all nuclear" phase which, in the view of the CFDT, is just as dangerous. 

2.1 - Hydroelectric Power 

There was no change noted in this area between 1970 and 1980. Power from this 
source has stabilized at 14 MTEP, which is the same as the forecasts. 

2.2 - -Coal 

There has been a decline in the use of coal, which reportedly will go down from 
31.5 MTEP in 1981 to 25.1 MTEP in 1985. This decline comes from a reduction in 
the consumption of coal for electricity generation by EDF (15.5 MTEP in 1981 and 
7.6 MTEP forecast for 1985), caused by overcapacity in nuclear-generated electri- 
city facilities. This falling off in French coal mining, which employed 234,000 
miners in 1959 and 61,500 miners in 1980, will continue unless remedial action is 
taken. This is because at so low a level of production many coal deposits would 
no longer be exploitable, and the deficits they record would be intolerable for 
the community as a whole. Coal, which is an unquestionable national source of 
wealth, after having been the victim of the "all petroleum-based energy strategy, 
will be definitively brought to the point of collapse by an "all nuclear stra- 
tegy. 
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2.3 - Hydrocarbons (Petroleum and Natural Gas) 

Consumption progressively declined between 1970 and 1974, increased slightly until 
1980, and then began to decline again in 1981 and 1982. Consumption went down 
from 132 MTEP in 1973 (117 MTEP in petroleum + 15 MTEP in natural gas) to 115.4 
MTEP in 1981 (90.7 MTEP in petroleum + 24.7 hTTEP in natural gas). In 1980 the 
Barre cabinet forecast consumption of 68 MTEP in petroleum and 42 WTEP in natural 
gas in 1990. Present forecasts (107 MTEP for 1985 and 100 WTEP in 1990) confirm 
the decline in the use of hydrocarbons in overall energy consumption. Excess re- 
fining capacity and the continued validity of natural gas contracts with foreign 
countries (Algeria and the USSR) will raise serious problems of employment in the 
petroleum sector. 

2.4 - Nuclear Generation of Electricity 

2.4.1 - The Uranium Market 

♦ It is presently very soft, due to the reduction in nuclear programs throughout 
the world. The price of uranium, contrary to the experience with other sources 
of energy, has steadily declined for several years, placing several producing 
countries such as Niger in serious financial difficulty. 

’I' World reserves of uranium are substantial and dependent on the cost of extrac- 
tion which producers are willing to pay. By contrast the sales price depends on 
the relationship existing between supply and demand. 

♦ Thus, presently weak demand has led to relaxation in the prospecting effort, 
which threatens to be harmful in the coming decades. 

♦ An increase in costs will result from this situation, but this will only be 
temporary and will not raise a question about the importance or even the necessi- 
ty of nuclear energy programs. 

2.4.2 - At the End of 1982 Installed French Nuclear Generated Electricity Centers 
Were As Follows: 

jjjt 

— Older Nuclear Generators 8 Units 2,335 MWe 

— Phenix RNR 1 Un^ts 233 MWe 

— PWR [Pressurized Water Reactor] 21 Units 19,060 MWe 

total 21.628 MWe 

*MWe are Megawatt Years 


About to Enter Into Service; 

—PWR 900 ^ Units 


t 
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Units to Enter Into Service Before 1985: 

PWR 900 6 Units 5,400 MWe 

— PWR 1300 5 Units 6,500 MWe 

Units to Enter Into Service Before 1990; 

PWR 900 3 Units 2,700 MWe 

— PWR 1300 13 Units 16,900 MWe 

— RNR SPX 1 1 Unit 1,200 MWe 

By 1990 total installed capacity will be 57,928 MWe. However, according to the 

EDF, the available capacity will be 56,000 Me, taking into account possible 
stoppages and delays in starting up. 

2.4.3 - Load Factor and Available Power of Nuclear Powered Electricity Generators 

To achieve the best return, it is necessary for nuclear powered electricity gen- 
erators to operate from 6,000 to 6,200 hours per year. Therefore, they need to 
have a load factor of about 70 percent. 

Under these conditions the installed nuclear powered electricity generating plant 
of 56,000 MWe (EDF estimate) by itself will be able to provide all of the electri- 
city which France will need in 1990, or 350 GWH. 

This extreme position is impossible to reach because it will be necessary to cover 
variations in load with oil or coal-fueled electricity generators. In any case 
it will also be necessary to use the 70 GWH of electricity generated by hydro- 
power . 

It is generally accepted that the role of nuclear generated electricity, taking 
into account the flexibility required of the electrical network, cannot exceed 
70 percent of the total. On the basis of 350 GWH of electricity forecast to be 
consumed in 1990, nuclear power will not be able to provide more than 245 GWH. 

That means that nuclear powered electricity generators will operate with a load 
factor of about 50 percent, which is below the threshold of the most efficient 
return. 

2.4.4 - Consequences 

The consequences of having too large a number of French nuclear powered electrici- 
ty generators will be serious and will lead to a crisis situation. The principal 
aspects of this crisis include the following: 

(a) Underutilization of PWR Reactors 

With the 56,000 MWe of capacity of French nuclear powered electricity generators 
producing 245 GWH annually by 1990 and with a load factor of about 50 percent, 
there will be considerable economic waste. They will be operating for 4,400 hours 
per year instead of 6,000 to 6,200 hours per year. 
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of the Forecasts 

Forecasts for 1985 

1970 

300.0 MTEP 

1973 

284.0 MTEP 

1974 

240.0 MTEP 

1975 

232.0 MTEP 

1978 (High Assumption) 

230.0 MTEP 

1978 (Low Assumption) 

215.0 MTEP 

1980 

219.0 MTEP 

1981 

197.0 MTEP 

Present Forecast 

192.2 MTEP 

! total consumption of energy by year was 

as follows: 

1979 

193.5 MTEP 

1980 

191.7 MTEP 

1981 

188.0 MTEP 

1982 

185.0 MTEP 


♦ MTEP; Millions of Tons of Petroleum Equivalent 
(b) Positions of the CFDT 

Beginning in 1975, on the occasion of the preparation of the Seventh State Plan, 
the CFDT commented that ”it was illusory and dangerous” to forecast a doubling in 
the total consumption of energy in 15 years and a doubling in the consumption of 
electricity in 10 years. 

The CFDT proposed as an objective the consumption of 220 JyfiTEP by the year 1990, a 
figure which now looks quite reasonable, considering the actual consumption of 
energy. 

Of course, the assumptions regarding economic growth were more robust. However, 
the official forecasters were, above all, the producers of energy who inflated 
their figures to justify an exaggerated scale of investments, to the detriment of 
other sectors of national economic activity, which by now have been bled white. 
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(b) Non Use of Coal 

into account the 70 GWH of electricity produced by hydropower » there will 
only be about 20 GWH to be produced by coal, or one-third of the 1981 level. This 
continues the decline in the use of coal over the 1985-1990 period. 

(c) No Use for the Fast Neutron Reactor 

As the PWR plant already installed or planned to be installed will be in excess of 
needs, there will be no energy justification for the development of the RNR system 
for an additional 1 or 2 decades, and there is a risk that this technology will be 
obsolete after that. 

(d) Little Need for Development of 'New* Forms of Energy 

This particularly applies to renewable forms of energy, such as solar power. 

(e) Little Incentive for Energy Savings 

This will especially be the situation when the EDF will have to sell its surplus 
electricity generating capacity. 

(f) Sale of Electricity to Foreign Countries 

There is nothing very certain about this, as it is difficult to imagine a neigh- 
boring country or government which would turn itself over, its hands and feet 
tied, to France, in so vital an area as its supply of electricity. No estimate 
of potential electricity exports has been developed by the EDF, and potential 
sales contracts could only be on a short term basis to fill a temporary gap. 

2.4.5 - A Crisis Situation 

The French nuclear industry, because of the obvious surplus capacity being de- 
veloped under the program, is moving into a crisis situation: 

— Few Or No Immediate Orders for Equipment 

The nuclear electricity generating industry (under the program implemented between 
1974 and 1981), in the mind of its promoters, was^ be split rather rapidly be- 
tween the domestic and the export market. This has "hot happened. The export mar- 
ket has not developed, despite the cries of triumph of former Prime Minister Chi- 
rac, who wanted to sell nuclear electricity generators to Iran. 

This industry is capable of producing six PWR plants per year. In the mind of 
the forecasters, of the six units per year, four were initially to be built for 
France and two exported. Ultimately, two would be built for France and four ex- 
ported, for example. 
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— In that area there was also an error made in the forecasts. 

As it was originally envisaged that the reactors would eventually be replaced af- 
ter 20 years of operation, the surplus capacity of the nuclear industry therefore 
threatens to be long lasting. 

The foreign market for reactor sales is not very large, and there is competition 
with a number of foreign companies. 

The economic recession explains in part the stagnation in the demand for electri- 
city. However, this does not explain everything and in particular why the role of 
nuclear energy is not increasing in any country other than France. In fact, many 
countries have concluded that "betting on nuclear energy" is not worth the trouble 
of being tempted on so large a scale and that coal is preferable for the genera- 
tion of electricity. 

* Estimated Potential for the Construction of PV/R Reactors Too High 

With a capability of building six PWR's per year, it is quite clear that the 
French nuclear industry is moving toward a very serious crisis in economic terms 
and in social terms as well, due to the consequences for. the workers. The govern- 
ment decided on 27 July 1983 to build two PWR's in 1983—84 and one or two PWR's 
in 1985. Clearly, problems of employment will be raised, and the reconversion of 
part of this industry should be considered, beginning right now. 

* No Foreign Orders 

Overall strategy in the nuclear industry has been based on high power units, which 
are difficult to sell to small countries. It is feared that a market for nuclear 
generators of the 300 MWe type will not develop or that France will not be able to 
enter this market. 

2.5 - Proposals of the CFDT 

The CFDT made reasonable proposals, but no one accepted them. For 1990 these pro- 
posals may be found in the following, comparative table, published in 1980 and 
stated in GWH. 



Barre Estimates 
(1980) 

Hugon Report 
(1981) 

(High) (Low) 

CFDT 

(1980) 

Hydroelectric Power 

64 

65 

65 

80 

Coal 

30 

20 

30 

90 

Nuclear 

330 

270 

298 

140 

Heavy Fuel Oil and 
Various Other Fuels 

26 

7 

23 

40 

TOTAL 

450 

362 

416 

350 
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Under this CFDT estimate we would have built about two nuclear power units per 
year, which would have allowed the nuclear electricity generating industry to 
operate smoothly, reaching a point where the replacement of nuclear power units 
at the end of their useful lives would have constituted a substantial role. The 
domestic coal industry would have been allowed a place in the overall energy pic- 
ture sufficient to prevent the collapse of the coal market. There would have 
been coal production but also production for coal loading ports, transportation 
facilities, etc. 

At the point where we now stand there is no longer any alternative to reconverting 
part of the nuclear power industry, which still has several years of work to meet 
orders presently on hand. It will be necessary to use these years to pre- 
pare for other kinds of production, because in addition to the nuclear area it- 
self this reconversion effort involves civil engineering, the electromechanical 
industry, electronics, data processing, metallurgy, etc. It is therefore possible 
to find for the nuclear power Industry work for the export market involving me- 
dium sized developing countries. For example, work that could be done might in- 
clude: 

—Hydroelectric generating plants. 

-Thermal-powered electricity generators, particularly those using coal, but also 
those which use fuel oil or natural gas as fuels. 

— The rational use of energy. 

— New and renewable forms of energy. 

In France the nuclear powered electricity generating industry could contribute to 
the development of co-generated heating networks involving the rational use of en- 
ergy. 

Rather than spending 10 to 15 billion francs per year to build useless nuclear 
power plants, wouldn’t it be better to help the French nuclear industry to re- 
structure and modernize itself in order to take part in the world market in those 
sectors where French industry has a certain advantage? 

I 

II - The Fast Breeder Reactors (RNR) 

1. Characteristics of This System 
,1.1 - The Official View 

These characteristics are stated in energy and political terms and have been 
broadly disseminated by the French Atomic Energy Commission (AEC), but still in 
a merely qualitative and incomplete way: 

(a) A Very Substantial Increase in Our Reserves of Uranium 

This can be achieved by the transmutation of our very abundant supplies of uranium 
238 into usable plutonium 239. This involves multiplying our reserves by a factor 
of 50 to 70 times, making France as rich a country as Saudi Arabia! 
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(b) Improvement in the Security of Nuclear Energy Production 

This Involves a reduction in the rate of overall radiation of the workers, based 
on the results of very encouraging tests of the ’’Phenix” reactor at Marcoule and 
on the very small amount of uranium required to be mined. 

(c) Self-Sufficiency for France in Our Production of Electricity 

This is to be achieved both in terms of technology (the RNR system is specifically 
French) and of our supply of uranium (upgrading uranium 238). 

(d) Possibility of Using RNR's to Burn Plutonium 

This would involve burning plutonium and other, long-lived radioactive elements. 
1.2 - CFDT Viewpoint 

The principal official arguments Involve two serious errors. On the one hand they 
do not set out the advantages of the RNR system in viable, quantitative terms. On 
the other hand they omit a certain number of aspects of major importance. Also, 
while accepting the preceding official argument it is essential to set down clear- 
ly the impact and the limits of this point of view. 

(a) Yes, the RNR's make it possible to make savings on the use of natural uranium. 
However, the figure of multiplying our reserves by a factor of 50 to 70 times 
would not be achieved for several centuries and maybe not for 1,000 years. This 
could only be achieved on the basis of the construction of a very complex and very 
expensive nuclear industry and would require the processing of enormous masses of 
plutonium amounting to tens of thousands of tons. 

In effect: 

* Very precise studies have shown that the gain in natural uranium using RNR's, 
as plutonium becomes available, would not make it possible to hope for savings of 
much more than 25 to 30 percent over a period of 80 years, on the basis of our 
present consumption (see table in paragraph 1.1). 

* Studies made by the AEG have even shown that the temporary introduction of RNR's 
with a low breeding capacity (the "Superphenix" reactors now-under study) would be 
rather negative for the availability of uranium. Prom this point of view it would 
be better now to seek to obtain the maximum amount of plutonium produced by the 
PWR reactors, while uranium is abundant, rather than to burn uranium in the RNR 
slow breeder reactors. 

* Finally, the amounts of plutonium that would need to be processed would be sub- 
stantial because the energy which is intended to be derived from the very abundant 
supplies of U 238 would necessarily involve its conversion into an equivalent 
amount of plutonium. 

(b) Yes, the rate of radiation of the personnel working at "Phenix" reactors will 
be less than that to which EDF workers at the PWR reactors are exposed. However, 
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in the RNR system radiation problems are not encountered at the reactor itself. 
The radiation danger is involved in the fuel cycle, outside the reactor. 


In fact: 

* The manufacture of plutonium-based fuel requires installations involving pro- 
tected production lines, which turn out plutonium-contaminated technological 
waste, involving exposure to radiation and contamination for the workers. 

♦ The reprocessing of fuel from the RNR’s is characterized by important, specific 
constraints, which include: 

—The need to reprocess the irradiated fuel quickly to reduce the time for holding 
the plutonium outside the reactor. 

The very high radioactivity of the fuel to be reprocessed, due to the high level 

of radiation within the reactor and the limited amount of cooling that takes 
place. 

The amount of plutonium to be reprocessed is very substantial. It is about five 

times more than that resulting from the cycle of PWR reactors producing electrici- 
ty. This involves the construction of a retreatment plant for the four RNR units, 
rather than the UP 3 plant at La Hogue [near Cherbourg] used for 20 to 25 PWR re- 
actors (using identical plutonium reprocessing lines). 

This mass of plutonium in circulation will lead to losses of nearly proportional 
amounts of fissile material (of 1 to 1.5 percent losses of plutonium in the waste 
fuel being reprocessed). Hence, this would involve a reprocessing cycle for the 
RNR’s which would produce more pollution than the PWR's do. 

—Moreover, the entry into service of the RNR’s would require massive supplies of 
plutonium from the PWR reactors (about 10 to 11 tons for one RNR and its fuel 
cycle). This would make reprocessing of PWR fuel an essential operation. Now, it 
is not clear at present that this operation would be justified from the point of 
view of the security of stockpiling of radioactive waste. The possibility of not 
reprocessing these wastes is beginning to be considered very seriously in many 
countries, which consider this line of action much simpler— and therefore less 
expensive — and less a source of radiation and pollutl^. This is because: 

■* 

♦ It would not produce technological waste, including certain quantities of 
waste contaminated by long-lived Alpha elements (presently, a ton of PWR fuel re- 
processed at La Hague generates 21 cubic meters of waste at a UP 2 reprocessing 
unit. For a UP 3 reprocessing unit the anticipated quantity of waste would be 
less). 

♦ It might make possible a safer kind of long term storage of Alpha particles 
such as plutonium, neptunium, and americium in a container of U 02 of fuel irra- 
diated in a PWR which would probably be less soluble, in any case less so than in 
the case of vitrification in geologically deep locations. 

♦ It would be less of a threat to proliferation, because since the plutonium would 
not have been removed from the fuel rods, it would not be directly usable to make 
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nuclear devices for military purposes. It is on the basis of certain of these ar- 
guments, for example, that Sweden has withdrawn fuel which was to have been repro- 
cessed at La Hague in order to store the fuel in untreated form in geological 
sites within its own territory. In the same way West Germany is beginning to feel 
serious concern over what is to become of the wastes from reprocessing which have 
been returned to it by COGEMA [reprocessing company] from its plant at La Hague. 

— Regarding the collective irradiation of workers due to uranium extraction, the 
basic dosage due to an RNR would be of the same order of magnitude as that from 
the use of natural uranium, that is, from 25 to 30 percent over the following 80 
years. This relatively slight reduction in radioactivity should be compared with 
the increase in the dosage due to the end of the RNR cycle: the preparation and 
withdrawal of radioactive fuel containing large amounts of plutonium and other 
products of fission. 

(c) Yes, the RNR system is essentially French in concept and construction, con- 
trary to the PWR system. However, is this enough of a reason to adopt it no mat- 
ter what the cost and whatever the conditions? It is appropriate to recall the 
"Concorde” aircraft affair. In order to sell 14 aircraft in all the French and 
British taxpayers had to put up 40 billion francs. 

From the economic point of view, two important points should be considered: on the 
one hand, the cost of this system (independent of its usefulness), and on the 
other hand, the manner in which it would be financed. 

(c.l) Cost of the RNR system: 

This can be broken down into four important elements: 

(1) The price of the reactor, as such. Presently, this is 2.2 times more expen- 
sive than a PWR of the same power. ("Superphenix 1" has a power of 1,300 MWe.) 
This figure could be reduced to a factor between 1.6 and 1.8 times more expensive 
for a series of four to eight reactors ordered at the same time. However, in any 
case the cost would be clearly higher for technological reasons (the presence of 
two sodium circuits, etc). 

(2) The price of the installation for the manufacture and reprocessing of fuel. 
This would involve shielded lines of production for fuel and lower capacity re- 
processing plants. The cost of these installations and t>f- related facilities at 
a given plant site, such as Saint-Etienne des Sorts, comes “to almost the same 
amount of money as the cost of the reactors themselves: the 80 billion francs 
for this project as a whole breaks down in very rough terms to 46 billion francs 
for the four SPX reactors and 34 billion francs for the FOR (fuel fabrication 
plant), the PURR (retreatment facilities), and the stockpiling ponds. 

(3) The price of the plutonium needed for the fabrication of the first two cores 
(the following cores would be reconstituted on the basis of the plutonium recycled 
at the site). The cost of the plutonium from the first two cores depends essen- 
tially Oft the system used for the retreatment of the fuel from the PWR system: 
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Viewpoint of the AEC: 

The reprocessing of PWR fuel is a necessary evil. Its cost should therefore be 
fully recovered from the electricity produced by the PVTR’s. The plutonium derived 
from reprocessing is thus a byproduct having no particular price or priced very 
low (60 francs a gram in 1990 and 100 francs a gram in 2000). 

The ’American' Viewpoint 

The stockpiling of unreprocessed fuel is considered less hazardous than the fuel 
and related wastes after reprocessing. Reprocessing therefore is a necessity re- 
lated to the development of the RNR system, and its cost therefore should be im- 
puted to the plutonium produced. At 10,000 francs for each kilogram of uranium 
reprocessed (a realistic cost for the UP 3 reactor), a gram of plutonium comes to 
about 1,100 francs, or about 12 billion francs for the 11 tons of the first two 
cores mentioned above and necessary for starting up an RNR reactor. Consequently, 
this cost is equivalent to the cost of construction of the RNR reactor and the re- 
sultant, total cost is twice the initial investment. 

4 - The operating cost of the reactors and the plants for the fabrication and re- 
processing of fuel elements. This item is not very large, compared to other 
costs. The PWR and RNR reactors cost about the same in this connection. 

The value of the residual uranium recovered from PWR fuel is almost nothing. 
Therefore, the only benefit to be expected from the RNR system concerns the price 
of natural uranium and the isotopic work separation units which are saved by using 
this system. However, the cost of this item does not amount to more than from 10 
to 15 percent of the price per kilowatt hour of electricity produced by a PWR and 
amounts to very little on an overall basis. 

(c.2) Financing of the RNR System; 

As we have seen, one of the principal characteristics of the RNR system is that it 
requires the investment of considerable amounts of capital as compared to rela- 
tively low operating costs. We also find this same tendency in the PWR system, 
although to a lesser degree. This required investment of capital is all the more 
onerous since it takes place long before the entry into service of the reactors 
(about 10 years). When we recall that the total indebtetoess of the EDF as of the 
end of 1982 was about 150 billion francs, compared to an annual budgetary deficit 
of about 8 billion francs and that the loans entered into by this public enter- 
prise are principally denominated in U. S. dollars, we can see how dangerous a 
considerable RNR program would be (about 80 billion francs for the "modest" pro- 
ject at Saint-Etienne des Sorts) for the independence of France and its budgetary 
equilibrium. 

In concluding this economic section, it would be appropriate to recall that: 

* The cost of the RNR system is very high in investment terms: from four to six 
times the cost of the PWR system, according to our initial calculations. 

* The need to bring in massive amounts of American capital to finance this system 
makes the argument that the RNR system is a French system essentially foolish. 
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* The cost per kilowatt hour of electricity produced, assuming that the plutonium 
costs nothing, is in the same order of magnitude as electricity obtained from coal 
(about 33 centimes per kilowatt hour). 

* If the strategy of obligatory reprocessing does not turn out to be the right 
one, the additional cost due to the extraction of the plutonium would multiply the 
cost of electricity per kilowatt hour by a factor of about two, making it much 
more expensive than a kilowatt hour of electricity produced by an oil-fired gen- 
erating plant. (See Table 2 above) 

(d) Regarding the last point of the government argument presented above, concern- 
ing the possibility of using the RNR reactors as incinerators for plutonium and 
other long-lived radioactive elements, it would be appropriate to make the follow- 
ing comments: 

* The PWR can also burn plutonium, sometimes with greater efficiency in terms of 
the ox)ney spent. 

* The very object of the RNR system is not to make the plutonium disppear but, on 
the contrary, to produce it from our uranium 238 in order to increase the value 
of our national wealth in terms of natural uranium. 

1.3 - The Military Aspects 

The RNR system is the only system presently capable of providing plutonium of 
high isotopic quality (plutonium containing more than 95 percent of isotope 239 
in the radial covers) in a quantity sufficient to support the development of our 
tactical nuclear striking force. 

After the shutdown of reactors G 1, then G 2, and soon G 3 at Marcoule, and be- 
fore we have developed the process of isotopic enrichment of plutonium by laser 
excitement, the development of the French nuclear striking force will be totally 
dependent on the proper functioning of the Phenix and later the Superphenix reac- 
tors and on the plants reprocessing their fuel: the SAP-TOR shop for the repro- 
cessing of the Phenix and the ISAI installation for dismantling Superphenix fuel, 
and the UP 1 plant and then the MAR 600 plant now under construction for the re- 
processing of this fuel. 

This important characteristic of the RNR reactors is certainly at present one of 
the few, undeniable advantages of this system, although it is rarely, if ever, 
mentioned in the debates on this reactor system. 

However, it should be noted that earmarking for military use the plutoniu?’! gen- 
erated in the radial covers constitutes a fatal blow to the rate of reges. *ation, 
originally already slow in this system. It makes even more dubious the prospect 
of developing this system for civilian purposes. (See the April 1982 issue of 
ENERGlE magazine on French manufactured equipment and economic information.) 
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\ .12'- The RNR's in the Global Energy Context 


2«1 — Reserves of Natural Uranium 


ir T-oQArvPs is recularly a matter of controversy for several rea- 

SOM* ^Reserves are traditionally under estimated for military reasons (uranium 
S r strategic material) and for economic reasons (to maintain the idea of an ap- 
^rent shortage to keep up the price). A fully detailed inventory of reserves is 

difficult to prepare. 


The volume of these reserves also depends on the costs of production P®0Pj;® 

are willing to pay: 5 million tons at $130 per kilogram of uranium or 14 million 
tons at $560 per kilogram of uranium, according to the OECD [Organization o 
Economic Cooperation and Development] in 1978. 


Finally, the inventory of reserves of this mineral is far from complete: evidence 
of this is the discovery of the Roxby deposit officially announced in Australia 
il iSsL T^is deposit Ilone amounts^o 1.2 million tons or 30 years of world con- 
sumntion at the 1982 rate. The uranium contained in phosphate (4.2 million tons 
?n MoJoccS Sd eL mor. in sea water (about 4.5 eilllon tons), which the Japa- 
nese plan to extract at the rate of 2,800 tons annually in the year 2000, using 
barges moored in strong ocean currents. 


Regarding the reserves to which France has access— in metropolitan France 
through part ownership of uranium ore in foreign countries— these make it possible 
to satisfy our needs until 2050 on the basis of the requirements of the PWR reac- 
Srr^hat wi?l be installed by 1990 (53.6 MWe, or 5,360 tons per year at a load 
factor of 50 percent). This does not take into consideration: 


♦ New discoveries in France and overseas. 


♦ Uranium extracted from phosphate imported as fertilizer (600 tons per year, 
equivalent to the requirements of two Superphenix RNR reactors of 1,450 MWe). 


* Improvements in the operation of the PWR reactors. 

* Improvements in the process of enrichment by laser excitement. 


* The discovery and development of other reactor systems_(RNR s using enriched 
uranium, spaliation reactors, fusion, etc). 


2.2 -- Consumption of Natural Uranium 


Contrary to the situation regarding reserves of uranium, the consumption of na- 
tural' uranium has been much overestimated on the basis of exaggerated growth in 
our demand for energy, essentially to justify our PWR reactors and the need to 
replace them with the RNR reactors. 


53 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 


Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 


Forecast of Cumulative World 



Requirements for Natural 



Uranium in Tons 

By 2000 

By 2030 

Andre Giraud Estimate (1975) 

4 to 6 million tons 

24 to 42 million tons 

OECD (Beginning of 1982) 

1.1 million tons 

6 million tons 


The present tendency is frankly downward, both on a French national as well as on 
a world basis (less energy consumption due to energy savings and to a decline in 
growth, as well as serious cuts in the nuclear power generating facilities planned 
or under construction in many countries). There is no basis for foreseeing any 
major change of direction in the coming decades. As a result, it is not reason- 
able to speak of a uranium shortage before the middle of the next century. 

2.3 - Use of Plutonium from Already Functioning Reprocessing Plants (UP 1 at Mar- 
coule, UP 2 at La Hague) or Those Under Construction (UP 3 at La Hague) 

The plutonium from these plants finds its natural outlet in the fabrication of 
the first two cores of the Superphenix RNR reactor at Creys Malville, which should 
go critical at the end of 1984. In the years to come, if it operates properly, 
this reactor will consum less than 2 tons of plutonium per year. The surplus out- 
put of plutonium from the UP 1, UP 2, and then UP 3 plants can then be "burned" 
in three different ways; 

(a) In other sodium cooled RNR reactors of the Superphenix type, the next genera- 
tion of this reactor system. This process will be very expensive and is not jus- 
tified at present, in view of the foreseeable energy prospects (see Chapter I 
above). 

(b) In fast breeder reactors cooled with pressurized water, called submoderated 
reactors (RSM). These reactors, which are presently under study by the AEC, will 
probably be less expensive than sodium cooled RNR’s, but they combine the disad- 
vantages of the PWR’s (high pressure water circuits) and the sodium-cooled RNR's 
(hexagonal assemblies, the use of 13 tons of plutonium in the cores). They can 

be made into supergenerators , although they will have a relatively low energy out- 
put. 

(c) In standard PWR reactors, replacing enriched uranium with plutonium. This 
solution will not require very substantial study and, by averaging out the added 
cost of fabrication of plutonium fuel elements, it has the advantage of "burning" 
the plutonium with a high output of energy. This system is not a supergenerator 
but, on the contrary, is a plutonium incinerator. 

2.4 - Improvements in Nuclear Reactors 

The PWR system has achieved a near monopoly over the production of nuclear-genera- 
ted electricity. A great deal of research has been carried out to reduce the 
consumption of uranium in these reactors. Among the Innovations which should be 
announced shortly are: 
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* The development of AFA assemblies (from Plant Y at Pierrelatte) which can be 
disassembled and which permit improved combustion of uranium. 

* The development of spectrum variation assemblies (RVS) which make possible 
savings of natural uranium in the order of 20 to 25 percent (agreement between 
Westinghouse and Mitsubishi, Framatome studies). 

* An Increase in the rate of combustion of the nuclear fuel. 

* The possible use of sodium-cooled reactors using highly enriched uranium 
(containing 11 percent uranium), making it possible to save hundreds of kilograms 
of uranium, with no need for reprocessing. 

2.5 - Enrichment of Uranium Using the Laser Excitation Process 

This is a very promising technique, although it introduces a serious risk of nu- 
clear proliferation. It will probably become available by the end of the century. 
It has three important advantages: 

* Low cost of the Isotopic work separation units (UTS), making it possible to 
lower the uranium content of the waste products to levels in the order of 0.08 to 
0.05 percent and to achieve a reduction of 20 to 25 percent in the consumption of 
natural uranium. This compares to a uranium content of waste products of 0.20 

to 0.25 percent from the gaseous diffusion process. 

* The possibility of obtaining substantial stocks of low quality uranium from the 
gaseous diffusion plants by lowering the uranium residue from 0.20 to 0.05 per- 
cent, making it possible to market considerable quantities of enriched uranium. 
This would constitute a true strategic stockpile, available on site. 

2.6 - The RNR Reactors in the French Nuclear Power Generating System 

As we have already seen, since the PWR reactors will be in surplus supply in 
about 10 years, if not for longer, any present introduction of RNR reactors 
would not appear to be desirable. It would cost too much at a time of crisis when 
the shortage is not uranium but rather available capital. French coal mining 
policy, already on shaky grounds, would be dealt a fatal blow by the introduction 
of the RNR reactors and would probably never recover. 

3 - Conclusions and Proposals of the CFDT 

3.1 - There Is No Point in the Development of the RNR System 

(a) Neither over the short term, because: 

* of the already large number of PWR reactors, soon to be surplus to our needs. 

* of the low cost of uranium. 

* of our excess uranium enrichment capacity (Eurodif is operating at one-third 
of its capacity. 
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♦ of the excessive cost of this system and difficulties in financing it. 

♦ of the constraints imposed by the obligatory and immediate reprocessing of PWR 
fuel. 

♦ of the difficulties of other energy sectors such as coal mining. 

(b) Nor over the long term because: 

♦ of the extraordinarily large amounts of plutonium which it will be necessary to 
handle, with the risks involved in this handling and the waste products which it 
will generate. 

♦ of the probably obsolescent character of this system in a few decades. 

3.2 - We Must Orient Our Research Effort in Four Directions; 

(a) Improvement of our available supplies of natural uranium; 

♦ by continuing and strengthening prospecting in France and overseas. 

♦ by developing a system for recuperating uranium from the phosphates which we 
import. 

♦ by research into methods of extraction of uranium from sea water. 

(b) Improvement in the returns from enrichment of uranium; 

♦ by lowering, if necessary, the rate of accumulation of waste products from en- 
richment by the gaseous diffusion process; Eurodif is only operating at one-third 
of its capacity. 

♦ by developing a process of uranium enrichment by laser excitation which will 
make it possible to obtain better returns from our reserves of natural uranium 
and to use the substantial quantities of spent uranium as a strategic reserve. 

(c) Improvement in the functioning of the PWR reactors and in the stockpiling of 
spent fuel in pools, with the following, principal objective®; 

♦ lowering the radiation dosages absorbed by the workers at nuclear centers 
(Improvements in shielding materials, detection of cracks in the shielding, the 
control and elimination of radioactive sludge, etc). 

♦ Increasing the reliability and the security of reactors (study of the resis- 
tance of materials to fatigue and thermal shock; improvements in valves; the 
study of vibration, hydraulic discharges and the behavior of structures; improve- 
ments in control and regulation systems, etc.). 

♦ Increasing the capacity of stockpiling pools; making assemblies more compact, 
dismantling and consolidating fuel elements, identifying stockpiling techniques 
resistant to seismic disturbances, etc. 
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(d) Improvements in efficiency and the study of new reactor systems: 

£qj. the PWR*s: develop spectrum variation assemblies and expand the rate of 
combustion of nuclear fuel* 

♦ studies of other systems: 

—sodium-cooled reactors using highly enriched uranium which will make it possible 
to incrase our technological lead in this area and save substantial quantities of 
natural uranium without having recourse to the plutonium cycle. 

— PWR reactors able to consume plutonium from the present reprocessing plants 
more efficiently. 

3,3 — Reprocessing Should No Longer Be Considered a Necessary Evil. 

—doing everything ppossible to avoid this expensive, delicate, and even dangerous 
operation, which generates large amounts of technological waste and which, for all 
of that, does not provide a long term solution to the problem of radioactive 

waste. 

—studying as soon as possible the solution of not reprocessing nuclear wastes: 
the basic principles for research and development could be: 

♦ study of a container for storage in a geologically deep site. 

♦ study of the physical chemistry of the dissolution of uranium oxide p 02] and 
of the other components of Irradiated fuel rods in geologically deep sites (condi- 
tions leading to shrinkage of the rods, low level leaching). 

♦ study of potentially usable geological sites: characteristics and research on 
the ground. 

♦ establishment of an underground laboratory to make it possible to study under 
actual conditions the local situations affecting the dissolution of irradiated 
fuel, the future behavior of dissolved products, the thermal behavior of rocks, 

etc. 

III - The Reprocessing of Irradiated Fuels 

1 - Why Reprocessing 

1.1 - From the Civilian Point of View 

— reprocessing ’’officially” has a dual objective; 

♦ on the one hand recuperating plutonium in large quantities to supply the RNR 
system; 

♦ on the other hand improving the condition of the nuclear wastes coming from 
nuclear plants; 
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♦ however, the uncertainties associated with these two objectives often make it 
impossible to clarify the debate; 

♦ when we speak of the RNR's, it is often said that this system is economically 
competitive, because plutonium is a byproduct of the reprocessing of nuclear waste 
and that for this reason this raw material is available at low cost; 

♦ when we speak of the possibility of not reprocessing fuel for reasons of cost 
or the complexity of the operations, we are then told that reprocessing is needed 
for the RNR system 1 

—for the CFDT there is no question of allowing such ambiguities to drag along 
and to continue such confusion. The RNR system, as we have demonstrated, is not 
a system for the future. Moreover, it comes completely after the reprocessing of 
fuel. In no way should it influence decisions concerning reprocessing. The only 
question which we should answer is therefore; will reprocessing make it possible, 
yes or no, to improve the conditioning of irradiated fuel over the medium and 
long term. If the answer is "yes,” then what conditions should control this 
operation and what should the price be? 

Clearly, the CFDT cannot answer these questions, which go beyond its knowledge of 
these matters. On the other hand we consider that these questions can be an- 
swered by the AEC and that, in this connection, it should make available the ne- 
cessary means to answer them and to propose solutions. Among other things, it 
will be essential for the AEC group to break out of the impasse which it has cre- 
ated around the reprocessing issue. The AEC has always presented this as an 
urgent and unavoidable matter, whereas there are other solutions which have prac- 
tically not been studied at all, such as deferring reprocessing until after the 
process has been improved or stockpiling this material as irradiated fuel, which 
can result in improved conditioning of the nuclear wastes and may even cost much 
less. 

1.2 - From the Military Point of View 

Reprocessing is an OBLIGATORY operation; due to the miniaturization of nuclear 
warheads, plutonium has now replaced enriched uranium. The military also have a 
continuing need to obtain supplies of plutonium to renew their warheads (improve- 
ment in isotopic quality) or to increase the number of warheads.. 

The high isotopic content of Plutonium 239 and the quantities needed by the mili- 
tary imply, as we saw previously, the following sequence of operations; 

PWR Reactors 

Reprocessing of PWR Fuel 
Fast Breeder Reactors 
Reprocessing of RNR Fuel 
Nuclear Bombs 
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With the future development of enrichment by laser excitation, this sequence will 
be simplified, as follows; 

PWR Reactors 
Reprocessing of PWR Fuel 
Laser Enrichment 




% 

[k 


Nuclear Bombs 

In each of these cases reprocessing of the fuel from nuclear reactors is consi- 
dered an essential link in the development of a nuclear striking force. However, 
the quantitative needs for plutonium are much less in the second scenario above. 

As the CFDT has always rejected the idea of atomic weapons for France, it goes 
without saying that under no circumstances can the CFDT support the idea of re- 
processing irradiated fuels as an operation solely justified by military necessi- 
ty. 

After having set out the necessary foundations for the conduct of the debate, we 
will review the present situation regarding the reprocessing plants in France, 
with a more detailed study of the situation at Marcoule. 

2 - Activities of the Reprocessing Plants 

The UP 1 plant at Marcoule went into operation in 1958 with purely military pur- 
poses in view. It reprocessed fuel from the G 1 and later from the G 2 and G 3 
reactors. The UP 2 plant at La Hague at this time reprocessed the fuel from the 
EDF UNGG reactors, which are called "old nuclear systems" in the nuclear powered 
electricity generating system. 

Progressively, with the entry into service of the HAO shop at La Hague, the UP 1 
plant was reconverted to handle the reprocessing of spent fuel from the PWR re- 
actors, which have been in operation since 1974. The Marcoule plant has been as- 
signed to the reprocessing of fuel from the UNGG reactors, along with its military 
activities. It should be noted that the "old nuclear systems" in the UNGG plants 
will have practically ceased operation by the 1990’s, which limits the prospects 
for the UP 1 plant. Moreover, after more than 30 years of operation, this plant 
will be obsolete, which will make it unusable under conditions of proper security. 

The pilot SAP (Pilot Shop Service) at Marcoule is also reprocessing the core of 
the Phenix RNR, and the covers have been reprocessed by the UP 1 plant. Subse- 
quently, the core of the Superphenix should be reprocessed at the High Speed Oxide 
Treatment [TOR] plant at Marcoule. The covers will be reprocessed in a shop to be 
constructed after the ISAI unit now being built at Marcoule. 

Thus, we can see clearly the division of tasks which has been worked out between 
the sites at La Hague (reprocessing of the PWR fuel) and Marcoule (the remaining 
part of the "old nuclear systems," military purposes, the Phenix, and the Super- 
phenix). 
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These activities involve some problems and are the Achilles heel of French stra- 
tegy. Thus, following the parliamentary debate in October 1981 the minister of 
industry set up, under the Higher Council of Nuclear Security, a scientific com- 
mission charged with analyzing the problems involved in the management of irradi- 
ated fuel and radioactive waste. This commission, called the Castaing Commission 
from the name of its chairman, a member of the French Academy of Sciences, in- 
cluded 12 members, one of whom was Jean Teillac, high commissioner of the AEC. 

The commission’s terms of reference, dated 11 December 1981, stated that its role 
consisted of examining proposals for extensions at the UP 2/800 and UP3 plants at 
La Hague and to make "appropriate proposals to permit France to maintain the ne- 
cessary technological skills to ensure the management of Irradiated fuels under 
the best condiditions." 

The Castaing Commission therefore did not have to express its views on the pro- 
priety of the construction program under way at La Hague, nor on the choice of 
the PWR-RNR nuclear reactor strategy. 

For its part the CFDT regretted that the concept of the new plants was defini- 
tively decided on and the work begun without waiting for the report of the commis- 
sion. 

3 - Some Conclusions of the Castaing Commission 

The report of the commission states that certain improvements have been made in 
the techniques used in the present plants and notes that working conditions have 
been improved since 1980 at the plant at La Hague. The commission stated: "These 
improvements should be a matter for constant vigilance, particularly because a 
certain number of difficult situations still exist. Technical modifications by 
themselves . will not be enough. It is important to adopt another type of human re- 
lations. A greater willingness to listen and an improved dialogue with the work- . 
ers are requred. The people who assume the risks should be associated with the 
measures taken concerning the reduction of these risks." 

Although the commission was silent on Marcoule, the CFDT sees in the lines quoted 
above an implicit recognition of the CFDT action taken at the two sites to analyze 
with the workers the problems existing in the plants and to propose solutions. 

However, the commission raised numerous questions about the possibility of pro- 
viding, in the present plants, sufficient protection for.>the personnel and the en- 
vironment, as well as regarding the long term management of the nuclear wastes re- 
sulting from reprocessing. 

Furthermore, the commission confirmed that the storing in a pool of Irradiated 
fuel for several years posed no notable problem. On the contrary, this made it 
possible to improve reprocessing techniques noticeably. 

Improved separation of fission and transuranian products and the implementation 
of new procedures for compacting technological waste would make possible safer 
management of the radioactive wastes from reprocessing. 
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Finally, the Castaing Commission confirmed very clearly that reprocessing should 
be seriously considered along with the methods of direct stockpiling of irradiated 
fuels and asked that the following, very detailed studies be undertaken: 

— regarding more rapid reprocessing, notably involving improved separation of the 
different products (long-lived Alpha particles). 

—on the procedures for stockpiling irradiated fuel and radioactive waste. It 
should be possible to remove materials from the stockpile, taking the spent fuel 
or the waste out for reprocessing or definitive stockpiling. 

These studies should make it possible to make a choice, after 1990, between re- 
processing, the stockpiling of irradiated fuel, or an intermediate solution 
making use of the two management procedures. 

Moreover, this choice will be linked, as we previously saw, to military or civil- 
ian needs for plutonium and to whether or not the RNR system will be continued 
in the future. 

— ^^the right of the CHSCT (Committee on Health, Security, and Improvement of Work- 
ing Conditions) to intervene to prevent the installation of dangerous equipment 
or procedures. 

— the strengthening of the Radioactive Protection Services and the enactment of 
legislation guaranteeing their independence, as well as that of other security 
organisms (the IPSN, SCSIN, and the SCPRI). 

— the obligation of informing the management -labor company committee of all new 
projects and the effective possibility for the committee (on company time) to 
play a role when technical decisions are made. 

— the access to security files in the plants. 

The CFDT continues to demand: 

— that complete information be provided on the costs related to the management 
of irradiated fuel. 

— that foreign reprocessing contracts be renegotiated and transformed into con- 
tracts for medium term stockpiling. 

— that the government commit itself to continue studies on all techniques for 
the management of irradiated fuel. 

— that the definition and followup of the program for the management of radio- 
dactive waste be turned over to a management structure which is multidisciplinary, 
independent, and autonomous in terms of the industrial operators of the plants. 

— that the Castaing Commission continue its work, and particularly examine the 
situation affecting the Marcoule plant, and Indicate the technologies or instal- 
lations which do not provide all of the required safety guarantees and regarding 
which new studies should be undertaken. 
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IV - Marcoule in the General Context 
1 - Activities at the Marcoule Site 

There are two, distinct units at the Marcoule site: the Center for Nuclear Studies 
of the Rhone Valley, which comes under the AEC, and the Marcoule Establishment, 
which comes under COGEMA. 

In March 1983 the Center for Nuclear Studies employed 1,002 workers, while the 
second establishment employed 2,250 workers (its authorized strength is 2,345), 
This brings the total number of workers coming under the AEC Group to 3,350. To 
this total should be added the employees of a certain number of sub-contractors 
who operate more or less permanently at the site. This brings the total number to 
more than 4,000 workers, 

1.1 - Center for Nuclear Studies of the Rhone Valley of the AEC (CEN-VALHRO) 

This center includes essentially: 

— the Phenix reactor. 

the Pilot Shop Service (SAP), which is getting further and further away from the 

idea of a pilot project and is becoming a production unit involved in the repro- 
cessing of the core of the Phenix and, in the near future, in conjunction with the 
TOR shop, the small-scale reprocessing of the core of the Super phenix. 

the Highly Radioactive Waste Service, which is continuing its work on vitrifica- 
tion of liquid radioactive wastes (SDHA). 

— the Industrial Prototypes Service (SPI), which is developing in a non-radioac- 
tive atmosphere the principal equipment associated with the UP 3, the future plant 
to be established at La Hague. 

—the Process Industrialization Service, charged with checking and approving AEC 
reprocessing work, 

the Installation for the Surveillance of Radioactive Assemblies [ISAI] under 

construction for the Superphenix. 

All of these units come under the IRDI (Technological and industrial Development 
Reserch Institute). Also present at the Marcoule site are: 

— a service coming under the Office of Ionizing Rays (ORIS), which develops, im- 
plements, and sells procedures for the medical application of radioactive ele- 
ments (for more details see Annex 10). 

certain units of less importance which come under the Institute for Nuclear 

Protection and Security (IPSN): 

• the central unit for the dismantling of nuclear installations. 

♦ the laboratory and plant security evaluation service. 
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♦ the nuclear security protection and assistance service. 

Finally, there is a directorate charged with logistical support. All of the 
above services employ around 1,000 workers. 


1.2 - The CXX3EMA Establishment at Marcoule 


As indicated in the preceding sections, this establishment is charged with sup- 
plying the French nuclear striking force 

irradiated fuel from the "old nuclear systems of the EOF — that is, the UNGG re- 
actors— in the UP 1 plant which has been in operation since 1958. 


It has the following facilities: 

a shop for mechanically removing the shielding from fuel rods, with associated 

stockpiling pools. 

—a reprocessing plant equipped with facilities for handling plutonium for mili- 
tary uses and a unit for the conversion of plutonium into plutonium oxide tor cl 
vilian uses. 

—a shop for the vitrification of highly radioactive liquid effluents (AVM). 

Around these production units is a group of other essential shops which provide 
services both to COGEMA and to the CEN-VALRHO: 


the station for the treatment of effluents. 

— the decontamination shop. 

— the solid waste compacting shop. 


— the analysis laboratory. 

—the Radiation Protection Service (SPR). 


— the Security Service (FLS). 


— administrative and management services. 

There are still other services, no less important since, by themselves, they em- 
nlov about 900 workers, taking care of maintenance, the construction of new units, 
etc. Finally, let us not forget the G 3 and Celestin reactors, which are devoted 
to military purposes and which are still functioning. 


We note that around the reprocessing plant itself, which operates with about 150 
workers, operating 24 hours a day, every day, there is a further group of units 
which brings the overall total of workers to 2,245 and demonstrates the complex- 
ity of the operations. 
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2 - The Present Situation at Marcoule 


2.1 - Reprocessing Radioactive Waste from the UNGG Reactors 


The UNGG reactors belong to EDF and are fueled with natural uranium, controlled 
with graphite rods and cooled with carbon dioxide in gaseous form. 


We saw previously that the UP 1 plant at Marcoule took over the reprocessing of 
the spent fuel from the UNGG reactors from the UP 2 plant at La Hague. The prob- 
lems related to the rate of combustion of the EDF fuel which the La Hague plant 
had experienced subsequently came up also at Marcoule and affected the entire 
process: 


♦ the process of removing the shielding has encountered growing difficulties over 
the years, and many incidents have occurred, due to mechanical or physical causes, 
including fuel rods catching fire or exploding, with consequent radioactive con- 
tamination of the surrounding area and at times of the workers. 


The most recent incident took place on 22 March 1983. There was a fire in the 
nuclear waste and in the magnesium shielding, followed by a violent explosion 
which put a premature end to the operation of this installation before the MAR 40 
facility was ready to replace it. 

The shortfall in the tonnage reprocessed (245 tons planned to be reprocessed in 
1983), according to a statement of the directorate of CEN-VALHRO, will amount to 
at least 100 to 120 tons, provided the startup of the MAR 400 shop goes well. 

* The UP 1 plant operated under acceptable conditions for military reprocessing 
at the low rate of combustion of the G 1, G 2, and G 3 reactors. Since beginning 
the reprocessing of fuel from the EDF reactors, the plant has also encountered ma- 
jor radiation problems, seriously complicating the maintenance of the installa- 
tions. 

Moreover, this plant went into operation in 1958, and certain, irreplaceable parts 
essential to its functioning have never had the slightest checkup since that time. 
It is not clear whether the UP 1 will be able to continue the reprocessing of 
spent fuel from the "old nuclear reactors" until 1990-1995, which would give it a 
working life of 37 years. Studies have shown that no one was ready to assume the 
q£ having it reprocess the Superphenix reactor in the-. next few years, al 
though at present it is reprocessing the covers of the Phenix reactor under very 

bad conditions. 

♦ Since the reprocessing of EDF radioactive waste began here, the station for the 
reprocessing of effluents has rapidly been saturated with radioactive sludp which 
the shop responsible for coating it with bitumen is no longer able to handle. 

This is due to the fact that there has been an increase in the rate of combustion 
and, consequently, in the volume of radioactive sludge in the effluent. 

This station is presently functioning under very bad conditions. As it is essen- 
tial for both the CEN-VALRHO and the COGEMA operations, it is uragent to build an- 
other such station. However, it is still necessary for so large an investment to 
be justified in terms of a future for the center which extends beyond 1985. 
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At the moment It Is Intended that a new shop for coating the radioactive sludge 
vfith bitumen will be built quickly, because without such action, the Marcoule com- 
plex would choke up and be unable to function. 

♦ The vitrification shop: since it went into service this shop has not raised 
any major problems. As its nominal capacity for vitrification is above the re- 
quirements of the UP 1 plant, the time allocated for maintenance operations is 
sufficient to ensure the satisfactory operation of the installation. However, we 
note the steady accumulation of technological wastes, and the delicate problem 
of the overhead gantry, which was not built to nuclear standards and which shows 
signs of metal fatigue and should be dismantled. 

♦ The other units: they have gone along with the general evolution of the site, 
in the sense that their activities are closely interdependent. The decontamina- 
tion shop has been dealing with growing quantities of radioactive materials. The 
shop for compacting solid wastes is not suitable for wastes contaminated with 
Alpha particles. 

Since 1958 we have also observed a worsening situation in terms of the accumula- 
tion of radioactive waste of all kinds at the Marcoule site. This has been one of 
the consequence of reprocessing Irradiated fuel from the EDF: 

— the shielding of the fuel rods has accumulated since the beginning of these ope- 
rations. 

— there is a growing number of silos containing barrels of bitumen covered radio- 
active sludge. 

— technological waste has increased in volume, due to the entry into service of 
the shop for the vitrification of fission products. 

— liquid fission products which are vitrified and then stockpiled in pits. 

— radioactively contaminated solvents and oil. 

— the G 2 reactor has been closed down and awaits dismantling. 

— shop 100, formerly the end of the plutonium line in-UP 1, has been shut down for 
many years and contains considerable quantities of plutonium, to which may be 
added various apparatus dismantled after the end of plutonium production and now 
contaminated with it; contaminated boxes of gloves, vats, various kinds of equip- 
ment, etc. 

— many barrels of radioactive waste with a high plutonium content and theoretical- 
ly available for incinerating and which are waiting for this operation to be car- 
ried out. They are stockpiled here or inside the UP 1 reactor. 

-T-ashes rich in plutonium resulting from the incineration of radioactive waste. 
They are waiting for chemical dissolution and recycling (not much sign of this at 
present). 
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—other waste coming from the laboratories. 

concrete contaminated by leaks in the installations. 

2.2 - Reprocessing of Phenix Fuel in the SAP [Pilot Shop Service] 

♦ The present production line (TOP), which should have been shut down at the end 
of July 1983, has never functioned properly, Vfhen a new shop for the extraction 
of plutonium (third plutonium cycle in Cell 65) was placed in service, this shop 
was faced with one of the hardest jobs for the workers since the establishment of 
the Marcoule center. It was necessary to cut out a vibrating column in an at- 
mosphere highly contaminated with plutonium! However, the CFDT intervened to 
postpone this job. The tests made on this column before the installation went 
critical were cut short for production reasons. Since that time this cell has 
never functioned properly. It has encountered serious amounts of radiation and 
contamination of the workers. 

The mechanical handling shop of this same installation has experienced major prob- 
lems, due to the obsolescence of the installations, such as the breakdown of a 
highly contaminated crane which prevented the operation of the production line 

for 2 months. 

♦ The new TOR (High Speed Oxide Treatment) line, is due to go into service in 
1985 and is now being assembled. There is already reason for concern due to the 
concept of the TOR 3 shop (in the first extraction cycle), since its complexity 
and the small space available for it will make servicing very difficult, if not 
impossible, even before it is placed in operation. The TOR 1 shop has already 
raised problems, and it is feared that it may be placed in service before the end 
of the preliminary tests, if it is to begin to function before January 1985. 

—The entry into service of this new unit therefore threatens to be problematical, 
and this will certainly involve considerable problems for the workers who will be 
assigned to operate it. Moreover, it is regrettable that the workers have practi- 
cally never been consulted, from the time this unit was first conceived of. How- 
ever, they will be the ones to bear the burdens of working in that unit. 

In view of this situation the CFOT denounces the commercial objectives (bringing 
in the maximum amount of money to the division) and the publicity devoted to it 
(showing that we know how to reprocess fuel from a fast^breeder reactor). The 
CFDT further denounces the fact that the AEC has assigned -this function to a pilot 
shop, whose principal function should have been to undertake research and de- 
velopment at a slower rate in terms of reprocessing fuel. 

3 - Overall Proposals of the CFDT 

3.1 - Overall Situation 

We have seen that, apart from the Phenix reactor, all of the activity at Marcoule 
ultimately depends on a station for the handling of liquid effluents. This sta- 
tion is now almost overwhelmed and has already caused interruptions in produc- 
tion*^ installations, including both COGEMA and AEC facilities. 


It 
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The former station for removing the shielding from UNGG fuel rods went out of ex- 
istence, following an explosion of magnesium shielding held in a vibrating trans- 
JoJt^and abandoLd froS September 1982 to March 19M. The CFOT decoded es«b- 
llshment of a committee of iaquirj. This facility should ° 

new station for removing the shielding from the fuel rods, called the MAR ^0 » 
which will not be able to reprocess radioactive sludge until a new shop is put in 
place at the head of the UP 1 line, accompanied by a new station for the treatment 

of effluents. 

In May 1983 the reprocessing of spent fuel from the EOF UNGG reactors was totally 
halted at Marcoule. 

The UP 1 plant placed in service in 1958 is threatened with a serious breakdown, 
would imnldlatel, end the reprocessing of fuel from the EDF reactors 

and would involve the paralysis of a large part of the other 
provide it with support. At present Marcoule is carrying on its 
Lced on a razor’s edge, in the absence of having been provided with the neces- 
sary investment funds in a timely manner. 

The Pilot Shop Service (SAP-AEC), yn which a substantial number of workers also 
depend for their jobs, was to stop its activities in mid 1983, resuming them with 
the entry into service of the new TOR installation in 1985. Meanwhile, there 
will be a problem with the temporary reassignment of the personnel working at this 
installation. Regarding the longer term, two projects are presently under consi- 
deration: 

—the MAR 600, a COGEMA unit intended for reprocessing the fuel of the three 
Super phenix fast breeder reactors. 

the ATALANTE, an AEG research and development unit for the study of the chemis- 
try of reprocessing, intended to replace AEC/DGR installations at Fontenay-aux- 
Roses (Paris area) which have become obsolete and which are too close to major 
urban centers. 

These two installations, whose entry into service is not anticipated before 1992, 
also depend in fact on the reprocessing policy which France adopts and on the fu- 
ture- of the RNR fast-breeder reactors. The future of the^ two installations will 
be closely related to the manner in which the conclusions. _pf the Castaing Commis- 
sion (under the supervision of the Higher Council of Nuclear Security) are taken 
into consideration. And we have seen that in this connection the path of wisdom 
involves taking no hasty action. 

Reearding the MAR 600, the following dilemma threatens to come up quickly; should 
we undertake the construction of this installation as soon as possible, in order 
to protect employment at Marcoule, whatever the price, or should we wait for the 
pre^nt reprocessing procedures, which are poorly adapted to the long term stock- 
piling of nuclear waste, to be improved and developed from the industrial POint 
of view? (The problem turns on the need to remove Alpha particles, which will be 
present in greater quantities in the spent fuel from the RNR reactors.) 
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3 m2 - Proposals by the CFDT 

The CFDT and the workers at Marcoule face an extremely complicated problem, which 
some people simplify in an exaggerated way: 

Ending the short and medium term reprocessing programs and then ensuring the 

future of the site, which will not only contribute to maintaining jobs at the Mr- 
coule site but will also generate work by subcontractors. In addition, there is 
the economic impact on the area of the salaries of the workers. 

Adopting the too simple solution of keeping up false hopes such as the construc- 
tion of four fast breeder reactors, without taking the elementary precaution of 
including them in a coherent national energy development plan, which would ensure 
the needs of the country and would take into account all sources of enerp, in 
particular French coal, which, as we previously saw, would be irremediably dam- 
aged by too rapid a concentration on nuclear power. 

The CFIXT is the largest trade union central organization at the Marcoule site, 
representing almost 40 percent of the workers, including both the AEG and the 
CXX5EMA installations. It is one of six trade union organizations represented 
there. It is the only organization to adopt a policy of truth, precision, and 
solidarity. 

—Truth about the real difficulties involved in the reprocessing of radioactive 
fuels. 

—Precision regarding the manner of considering the problems which are posed si- 
multaneously by the international crisis; the national energy situation; whether 
the present AEC strategy is well-considered; the reprocessing of nuclear waste, 
whose industrial feasibility has not been demonstrated; and the handling of nucle- 
ar wastes . 

Solidarity among the workers in different sectors of French energy production. 

They are presently in competition with each other. Let us mention coal as against 
nuclear energy, both with their train of employment problems. For several yeara 
the CFE/T trade union at Marcoule has alerted the various directorates and authori- 
ties to the precarious situation at the site. As it has been aware of the limi- 
tations on its means for investigation into the matter, ^.^has also asked fp 
several years for a committee of experts to come to Marcoule to conduct an inqui- 
ry in order to develop an overall view of the situation. This should be done to 
bring out, through discussions with the workers and their trade unions, credible 
proposals for the future. This initiative by the CFDT has not yet met with the 
positive response which the trade union hoped for. 

With the entry into power of a government of the Left and the remarkable work of 
the Castaing Commission the CFDT, through its National Atomic Energy Union ^ 
(SNPEA/CFiyr) and the CFDT itself, reiterates its demand for a Castaing type com- 
mission to the chairman of the Higher Council of Nuclear Security. Only time will 
tell whether this demand has been given consideration. 

For its part the directorate general of COGEMA, no doubt very concerned about the 
future of reprocessing of spent fuel from the PWR reactors at La Hague, which 
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require enormous investments and will raise financial problems, has turned a 
deaf ear to problems concerning Marcoule and has refused to enter into direct 
contact with the CFDT. He has done this in order to undermine and cut short the 

discussions. 

In view of this situation the CFDT thinks that the proposals of the Castaing Com- 
mission should be applied to the Marcoule site without delay and followed up by 
measures that take into account the technical and historical characteristics that 
pertain to it: 

—Reexamine the notion of national defense secrets, with the restrictions on free 
access to information which they involve, so that such important facts as the rate 
of loss of plutonium in the nuclear waste or the security reports on the instal- 
lations will be available to any organization which asks for them. In the same 
way it should be possible to declassify certain installations (the processing of 
nuclear waste, for example) which have no "confidential military" aspects about 
them, in order to facilitate discussion. 

—Undertake a cleanup of the site. That is, after an exhaustive inquiry into all 
the waste that has accumulated since the Marcoule site was established, look into 
and undertake the treatment necessary for the proper handling of this waste ma- 
terial in a definitive way, or at least a temporary way, with a possible resum^ 
tion of work if no presently available technical solution is appropriate for bhe 
long term. This effort may require substantial, technological resources, as well 
as considerable amounts of labor. It may be necessary to build new units for this 
essential reprocessing of nuclear waste. 

Ensuring an end to reprocessing of spent fuel from the UNGG reactors. It may ne 

necessary to close down the UP 1 plant, either to clean things up (one unit has 
been closed down for several years, due to a substantial level of radioactive con- 
tamination), or to update or construct new facilities in order to avoid a defini- 
tive halt in activities due to an event like the "22 March 1983" incident in re- 
moving the shielding from spent fuel rods. 

Ensuring proper treatment of liquid effluents: the present station is constant- 
ly overwhelmed with work and will not last until the 1990-95 time frame. In the 
same spirit as that mentioned above, let us envisage a "cleanup" of the accumula- 
ted nuclear waste and, above all, expedite the constructin of a new station. In 
parallel fashion let us consider and do whatever is possible to recycle liquid ef- 
fluents in the plants (the UP 1 or the SAP) or in the laboratories. 

In terms of removing the shielding from the spent fuel rods, after the conclu- 
sion of the ongoing inquiry requested by the CFDT, do everything necessary to en- 
sure that the new MAR 400, which has not yet completed its tests, is brought into 
operation. 

Improvements in present procedures: although studies have been conducted in 

other centers, particularly in Fontenay-aux-Roses , certain complementary work can 
be conducted in Marcoule by the Chemical Engineering Section of the Production 
Services, the Bureaus of Research, and the ACE-SAP and SPI services involved. 
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— Marcoule can also make its contribution to determining the character of the nu- 
clear waste contaminated by Alpha particles, through the experience acquired in 
the refined plutonium shops of UP 1 and the SAP* 


—Study of compacting waste products; Marcoule could undertake a pilot Project to 
study the absorption by the plant itself of its own waste products f 
be immediately reconditioned without a need for transportation and handling which 
is dangerous to the workers and the environment. This kind of installation could 
be set up on an industrial scale at the UP 3 plant at La Hague. 


Vitrification of fission products: improve the resistance to leaching of the 

Blass products presently used and seriously consider the long term future of 
the transuranian content in the glass products in the course of fabrication. 


—Conditioning containers and connecting tubing for precipitated, radioactive 
sludge : accelerate studies on the industrial application of processes to replace 
concrete and bitumen forms now in use (automated fusion into hollow shapes and 
the use of ceramics so that these can be adapted to future plants such as the 

UP 3 and the MAR 600). 


—Operation of plants; prepare as quickly as possible a list of i^ncldents, '^sable 
both by COGEMA units (UP 2 plant. Works Control Service at the UP 3 plant) and by 
the AEC, so that all experience obtained from operations can be made use of. 


—Development of robotics for nuclear plant applications; creation of a test room 
for assembling and disassembling units, using telecommunications guidance. 


Activities not related to the reprocessing of fuels: 

These are presently rather marginal, due to the number of workers they involve. 
However they could be developed in a more significant way, in order to diversi- 
fy activities at a given site and make them less vulnerable to passing phenomena. 
In effect, there is a potential in this direction, and the resources required to 
develop this potential are not very substantial (less major investment than in 
fuel reprocessing). The principal units concerned are; 

—ORIS [Office of Ionizing Rays], where the development of the Product Laboratory 
for Medical Analysis [LAPAM] should include; 

♦ strengthening the radiation/immunological sector. 


♦ new activities applying other, non radioactive techniques for medical analysis 
in vitro. 


♦ development and fabrication of automated apparatus using biomedical products. 

The future of this service, although initially promising, because there is a so- 
cial need for it, may risk raising some concern among the personnel. .Because it 
is considered "commercially viable," this activity is receiving less and less at- 
tention within the AEC-ERIES, a partnership between the AEC and ROBATEL-SLPI. 

This group will probably be transformed into a subsidiary of the AEC, with capital 
from the ABC, SGN, EPICEA, etc. This company has always operated with small 
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resources, mostly provided by the Chemical Engineering Group (GGC) of SAP-AEC. 

Its area of activity covers: 

—the extraction of liquids from liquids and of solids from liquids. 

— filtration, 

—cracking complex compounds. 

— distillation. 

It has found outlets in: 

—cleaning up pollution: removing phenol compounds, recovering acids, etc, 

—the chemical industry: carbon and petroleum chemistry, industrial pharmaceuti- 
cals, precious metals, hydrometallurgy involving copper, nickel, chromium, ura 

um, etc. 

—the agricultural and food industry: extraction and purification of vegetable 
oils, proteins, coloring agents, etc, 

— Improving the quality of biomass. 

Clearly, such a spectrum of activities could lead to important work. However, to 
do that it would be necessary, in addition to the necessary economic 
to have the support of a political will to diversify and 

and flexibility in adaptation and organization which the AEG and COGEMA at 
coule show few signs of having. However, projects which should be encouraged ar 

under way in this direction: 

— the treatment of deep sea nodules. 

the construction of an agricultural and food platform in the sea. 

Conclusion: the proposals ol the CFDT, although they ere not e^austlve, have rte 
advantage of already existing. They still need to be discussed, »hich has never 
really taken place. Certain work would cost a great deal and would take tim . 

This is one reason more for undertaking immediately work-on projects whose urgency 
is clear to all. After 25 years of activities essentially oriented toward the 
military requirements of the nuclear striking force, the Marcoule site can look 
toward another future. 

This future, between now and the year 2000, will involve reprocessing of nuclear 
fuel, the segregation and handling of nuclear waste, the extension of activities 
of a non nuclear character, and the contribution of the site to regional develop 

ment. 

CONaUSION 

For more than 10 years the National Atomic Energy Union of the CFDT and the con- 
federation itself! through publications (such as the Dossier Electronucleaire en 
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France” [The Question of the Nuclear Generation of Electricity in France], films, 
and lectures, have tried to open up the subject for public debate. 

The CFDT local union in Marcoule, which was not very sensitive to the implications 
of the arrival of EDF nuclear fuel at the site in 1973-74, has since become aware 
of the seriousness of the situation. Since then, more and more clearly with the 
passage of time, the point has been reached where the situation at the site, its 
current status, and its future were the essential aspects of the debates at the 
CFDT General Assembly of 30 April 1983. 

It was after this assembly that the members of the CFDT union at Marcoule, meeting 
for an entire day, made the decision to provide more information to all of the 
workers at the site. 

In effect the members of the CFDT union, whether they are engaged in decontamina- 
tion or operations, whether working on the removal of shielding or in the' repro- 
cessing plant, whether they are technicians or engineers, whether they are chem- 
ists or mechanics, whether they are functional or maintenance personnel, share the 
same opinion: 

— the situation at Marcoule is precarious. The situation must be brought out 
more clearly. The condition of the site must be described. It must be discussed. 
The situation must be made known and brought out of the narrow circle of those who 
have been initiated into its mysteries. Any solution must involve this. 

This pamphlet is therefore not the product of a few militant members of the union 
but rather it represents the contribution of the CFDT union at Marcoule to the 
debate on energy and nuclear problems on which the future of the site depends. 

The CFDT union, although it is the largest union at the site, does not intend to 
act as a pressure group to impose a kind of solution by means of force or slogans. 
It intends to make its contribution to the debate and to make the workers and the 
authorities aware of the problems existing at the Marcoule site. These problems 
must be solved if, like the CFDT, the site is to have a future. 

If the authorities are unwilling to enter into a discussion, they will be assum- 
ing historic responsibilities which may go against the interests of the country 
and of the generations to come. 
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La Hague, the biggest work site 

in Europe 


(from our special correspondar^t m La Hague) 


Arriving near the La Hague site is an ex- 
perience, even a shock, with the change in 
landscape. It is true that it is the biggest 
work site in Europe and that the infrastruc- 
ture are at the same scale. For the con- 
struction requirements, Cogema set up the 
economic interest grouping Gifab to 
operate a concrete batching and mixing 
plant which can be taken down later. In 
five years it will produce some 800,000 
cubic metres of concrete, a quarter of 
France's total production in a year. 


of which is progressing at full speed, will 
be in service in the middle of 1 988, except 
for the vitrification shop which is due to 
start up at the end of March 1989. 


being carried out alongside work being 
done on the two plants. As part of “major 
work site" procedure, Cogema is financing 
a certain number of works and municipal 
facilities in the region. 


The main work site - The plant which 
already exists at La Hague has belonged to 
Cogema since 1976. Urfder extensions 
planned both for French and foreign fuel, 
two major complexes are being built: 

- UP3 A, a plant which is being completely 
financed by foreign customers and which 
will eventually Include: a cask discharging 
facility; two pools |C and D) with a capaci- 
ty of 2,000 tons apiece {the C pool receiv- 
ed its first basket of radioactive fuel in 
April, while the D pool should be in service 
towards the end of 1 985); a T 1 shearing/ 
dissolution unit, of which the civil 
engineering work is currently in progress; 
four separation units, treatment of fission 
products, separation of uranium and 
plutonium {civil engineering in progress); a 
waste vitrification unit {T 7) with a capaci- 
ty threektimes greater that of AVM at Mar- 
coule {civil engineering work started in 
May 1984); an STE 3/T waste treatment 
plant. This UP 3 complex, the construction 


- UP 2 800, the plant which is to come 
onstream in 1990, two years after UP 3. 
Already several shops of this complex, in- 
tegrated to the facilities of the current 
plant, are being built or in some cases have 
even been completed. The BST 1 
plutonium storage shop {completed at the 
beginning of 1983); the ADI decontamina- 
tion shop {completed at the beginnfng of 
1984); SPF 5. the storage unit n° 5 for 
fission products {due to come onstream 
before the end of the summer); NCP 1 , a 
facility for concentrating fission products 
(start up planned for the end of 1984); 
finally, R 7, the UP 2 800 vitrification shop 
for vitrifying fission products resulting 
from the reprocessing of 800 tons a year 
of fuel from this plant. The start up is due 
to take place In a little more than two 
years. 


A lightening visit - In the pools In 10 
metres of water lie the racks containing 
the radioactive fuel assemblies. The latest 
of these ponds to come into operation, the 
C pool , the first facility built in the UP 
extension, is suspended on big neoprene 
blocks so as to assure an increased safety 
in the event of an earthquake. The follo- 
wing pools (D and E) are also suspended 
Along the wall of the pool can be found the 
“Nympheas" built by SGN, which are in 
fact very sophisticated exchangers desi 
gned to maintain the water at a constant 
temperature and quality. 


Facilities that are common to UP 3 and 
UP 2 800 - These include the new ST3 
waste treatment station, which is due to 
come into service at the end of 1986; the 
site, that is to say all the infrastructural 
facilities which need to be planned around 
the nuclear buildings {roads and distribu- 
tion networks, conduits, production and 
distribution of fluids etc). This work site is 


Everywhere, in the maintenance period 
(July-August), it is the cleaning and main 
tenance of the material which produces a 
sizeable amount of technological waste, 
cotton, woven paper, polyethylene sheets 
and industrial grade gloves. The La Hague 
plant uses 7 million pairs of gloves a year 
For the casks there is an outside storag* 
area. Different models can be seen there 
cubic casks for graphite gas fuel, cylindr: 
cal ones for LWR fuel, including Transm; 
cleaire casks or the recent Lemer mode' 
During treatment programmes around on- 
cask is received every day. 


Elisabeth Lt6geoi5 










La Hague. Aerial view. UP3 programme: work in progress on the 
"medium activity” building. (Doc. Cog4ma). 


La Hague. Pool C. (Doc. Cogema). 
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Cogema affirms its position as 
world leader in the fuel cycle 


Cogema has become the only industrial 
company in the world which can handle 
the whole nuclear fuel cycle from mineral 
prospecting to the reprocessing of radioac- 
tive fuels. This position has been attained 
through a steady investment policy: 1 0 bil- 
lion francs of accumulated investments up 
until the end of 1 983, of which 3.5 billions 
In 1983 alone. Turnover is in constant pro- 
gress reaching 1 1 billion francs last year, . 
of which 25 per cent in the export field. 
The company's cashflow reached at 1.8 
billion franc. For the Cogema group as a 
whole, turnover was 17.63 billion francs 
compared to 15.2 billions in 1982 with 
exports at 35 billions compared to 6.7 bil- 
lions. Cogema employs 9,000 people, 
which makes a total workforce of 14,000 
for the group a$ a whole. 

Natural Uranium. Cogema has access to 
almost 25 per cent of the world's 
production/concentration capacities. In 
France it holds almost 85 per cent of the 
country's reserves. Outside France it is 
playing an Increasingly active role, in 
Africa, in Latin America and in North Ame- 
rica. In 1983 concentrated uranium sup- 
plies represented nearly 8,000 tons, of 
which 1/4 was for foreign customers. The 
corresponding production was divided bet- 
ween French mines (nearly 2,500 tU), 
African mines (4,400 tU) and North- 
American ones (1,300 tU). 

In France Cogema directly operates three 
mining complexes. In Africa it is associa- 
ted with various partners in three mines, 
two of which are In Niger (Somair and 
Cominak) and one in Gabon (Comuf). In 
Canada, Cogema is the main shareholder 
In Amok which exploits fields near Cluff 
Lake. At the end of last year, a major field 
containing ore with a high uranium content 
was discovered at Waterbury Lake (Sas- 
katchewan). In the United States Cogema 
acquired 80 per cent of the company Path- 
finder Mines. 

Enrichment. The Eurodif enrichment plant, 
in which Cogema has a 51.33 per cent 
stake, has adapted its operating rate to the 
i decline in demand... 
t At Miramas Cogema has other isotopic 
separation capacities: from 1 50 to 200 kg 
8 year of boron 10 and more than 
\ 1,000 kg a year of lithium 7. Lastly, 
i Cogema is participating in the major R and 
. D effort undertaken by the CEA on advan- 
ced enrichment processes. 

4 Nuclear Fuel. Since 1976 Cogema has 
been supplying EDF's GCR plants with fuel 
I elements manufactured by its 100 per 
1 cent subsidiary SICN. In the field of fuel for 



LWR, following the agreement reached on 
January 20 this year, Cogema has been 
given a 25 per cent stake in Eurofuel along- 
side Pechiney with 50 per cent and Frama- 
tome with 25 per cent. Eurofuel itself 
holds 87 per cent of the capital of FBFC; 
MMN holds the remaining 13 per cent. 
Cogema also holds 2 5 per cent in the com- 
pany CFC alongside Pechiney with 50 per 
cent and Framatome with 25 per cent. 
FBFC operates the three fuel manufactu- 
ring plants of Romans, Dessel and Pierre- 
latte and divides up the manufacturing pro- 
grammes between them. Finally Cogema 
is a fellow shareholder of Framatome 
(50/50) in Fragema, which is alone res- 
ponsible for the design and marketing of 
the nuclear fuel. Cogema is also responsi- 
ble for supplying the first core and the two 
first reloads for Superphenix. 

Reprocessing. At the end of 1983 Cogema 
had reprocessed 5,842 tons of GCR fuel. 
At the same date, the UP 2 plant at La 
Hague had reprocessed more than 700 
tons of LWR fuel (of which 221 tons in 
1 983). The plant is currently being expan- 
ded. What is more, a new plant (the UP 3 
with a planned capacity of 800 tons a 
year) is currently being built at La Hague 
with start-up planned at the end of 1 988. 
The UP 2 plant also reprocesses fastbree- 
der fuel (Phenix) by mixing it with GCR 
fuel. More than 6 tons had been reproces- 
sed by the end of 1 983. Lastly, by the end 
of 1983 the Vitrification Plant at Marcoule 
has already produced 867 glass contai- 
ners, representing 713 cubic metres of 
high radioactivity fission products. 


Special transport services. This depart- 
ment called STS is involved in the design 
and manufacture of casks, cask manage- 
ment and the transport of radioactive mat- 
ter. In liaison with STS, a department of 
radioactive fuels transport (STCI) is res- 
ponsible, in liaison with STS, for all trans- 
port operations in the direction of La Hague 
and Marcoule. It assures the supervision of 
development, manufacture and mainte- 
nance of casks used for radioactive fuels, 
plutonium, waste and residues. It operates 
railway terminals, road transport and the 
cask maintenance workshop at La Hague. 

Future. Cogema has 70 foreign clients, 
some of whom are in the United States, 
where it has achieved a spectacular 
breakthrough. Japan is however the com- 
pany's most important foreign customer. 
Cogema also relies on its engineering sub- 
sidiaries. Company chairman Franpois de 
Wissocq expects turnover will fall slightly 
this vear (because of the renegotiation of 
the contract under which the USSR enri- 
ched uranium on behalf of France). But the 
cashflow will be *'8ub8tantiat'*. Invest- 
ments will be increasing considerably this 
year to reach 5.5 billion francs for Cogema 
alone and 6 billion for the group as a 
whole. E.L. 


Subscription form see 
page 106 
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Pond 5, however, with a very high civil 
construction content, it was expected 
that civil work would interact to a high 
degree with mechanical and electrical 
operations. With a large number of con- 
tractors on site, the close interlocking of 
schedules placed great demands on the 
performance of each and every contrac- 
tor. 

To a considerable extent, BNFL and 
its contractors succeeded in coping with 
these inherent problems. However, a 
number of difficulties were encountered. 
For example, Balfour Beatty’s £75 mil- 
lion contract was delayed due to a com- 
bination of exacting concrete work and 
problems in other areas of construction. 

In addition. Pond 5 is a first-of-a-kind 
facility. The design is original, and, 
while the overall concept has remained 
the same since construction began in 
1977, there have been changes in detail 
which have increased the construction 
workload. BNFL points out, however, 
that a trade-off had to be made between 
achieving economies in civil construction 
and leaving as much time as possible for 
construction and testing prior to opera- 
tion. 

The demands on civil construction 
made by the Pond 5 design were also 
great. The steelwork is supported on 
large, reinforced concrete bases and is 
clad in aluminium with a 5m high wall of 
black facing brick. Internal partition 
walls are generally of brick except where 
shielding demands thicker concrete 
walls. Ail suspended floors are of rein- 
forced concrete. The floors are generally 
either granolithic, epoxy resin of 
polymer finish, with the walls and ceil- 
ings fair-faced to a very high standard for 
ease of decontamination and, where 
required, for example in the decanning 
and remote maintenance caves, finished 


The French nuclear power programme is 
well advanced. Cumulative spent fuel 
tonnages are expected to be 2400t by 
1985 , 8000t by 1990 and 15 OOOt by 1995 . 

^Research Division on Reprocessing, Wastes, and 
Applied Chemistry. Commissariat h TEnergie 
Atomique, Fdntenay aux Roses, France. 


Materials used in Pond 5 and SIxep 


1 Pond 5 

SIxep 

Structural " 

/ 


steel, t 

10000 

2500 

Concrete, m* 

100 000 

27000 

Reinforcement, t 

15000 

2100 

Bricks, number 

5 million 



with a decontaminable chlorinated rub- 
ber paiiit. 

A feature of the concrete construction 
is the degree of complexity introduced 
by the large numbers of box-outs for 
viewing ports and instrument penetra- 
tions and cast-in-place items for grabs 
and monitoring equipment. Concrete 
formed of lead shot having a density 
nearly four times that of normal con- 
crete, enabled wall thicknesses in some 
highly radioactive areas, such as the 
decanners, to be considerably reduced. 

The contract for the bays called for all 
concrete to be watertight. The concrete 
finally used contained a 70 per cent 
replacement of ordinary Portland 
cement by Cemsave, a material which 
reduces heat generation in the concrete 
and thus reduces shrinkage and cracking. 
All pours for the 20 000m* of water 
retaining concrete were carefully moni- 
tored with thermocouples to ensure that 
the temperature gradient across the pour 
did not exceed the 20®C at which thermal 
cracking could occur. 

Water testing of the ponds, which 
began in April 1982, showed leaks in 
pond 1 totalling only 39 litres/d through 
cracks little more than 0.1mm thick. 
Grouting, involving a special process in 
which the crack is evacuated and resin 
injected at low pressure, reduced the 
leaks to 5 litres/d. This level, BNFL 
says, is as close to watertight as physi- 
cally possible in a bay of this sort. □ 


To deal safely and economically with 
this problem, France has developed her 
own reprocessing and vitrification tech- 
nology. 

The first large French reprocessing 
facility was commissioned in Marcoule 
(UPl) in 1958. It is still in operation after 


23 years, and, with expanded facilities, is 
now used to reprocess gas graphite fuels. 
UPl has already reprocessed some 
12 OOOt of irradiated fuels (see table). 

The second major reprocessing facil- 
ity, built at La Hague (UP2), was com- 
missioned in 1966. It was originally 
intended to handle gas-graphite fuels, 
but following the introduction of pwrs it 
was decided to add to the UP2 facility a 
first oxide head end unit (HAO), which 
came on stream in 1976. 

At the same time, the fbr r and d 
programme was examining the problems 
involved in the reprocessing of highly 
irradiated oxide fuels. From 1966 to 1979 
the ATI pilot fast breeder fuel reproces- 
sing plant dealt with slightly more than It 
of fast breeder fuels, thus demonstrating 
for the first time the closure of a fast 
reactor fuel cycle, in this case for Rap- 
sodie, the fbr research reactor. 

The Marcoule pilot plant (Sap), com- 
missioned in 1962 and adapted to repro- 
cess fast breeder fuels in 1974 (Top), has 
reprocessed around 9t of fast breeder 
fuels already, ensuring the closure of the 
fuel cycle for the pilot fbr Phfenix. 
About 6t of Phenix fuels have also been 
reprocessed in the La Hague UP2 facil- 
ity (diluted with gas graphite fuels). 

In the development of techniques to 
deal with the waste produced by repro- 
cessing, the first fission products were 
glassified in 1958. The industrial phase 
was reached with the commissioning of 
the Marcoule vitrification facility 
(AVM) in 1976, which, by the end of 
1982 had produced 260t of glass contain- 
ing fission products derived from the 
equivalent of more than 350 years of 
operation of a 1000 M We pwr. 

These results are a good illustration of 
French industrial experience. Neverthe- 
less, many difficulties had to be over- 
come in achieving the commercializa- 
tion of these technologies. The HAO 
unit, for example, which used a technol- 
ogy which had perhaps been developed 
less systematically than those associated 
with enrichment or the fbr, proved dif- 
ficult to operate, largely ^cause of 
minor but relatively numerous incidents. 
The problems were inflated because, 
while in a conventional installation a tri- 
vial breakdown, such as that of an elec- 
trical switch or a mechanical part, can be 
rapidly put right, repairs take far longer 
in a radioactive environment. 

Nevertheless, the tonnages reproces- 
sed, which were small at the beginning of 
the development phase as these prob- 
lems were encountered, were systemati- 
cally increased during the late 1970s. 
The annual capacity of the UP2 facility 
today may be put at about 250t of stan- 
dard oxide fuels from French lwrs. 
Building on the experience which had 

NUCLEAR ENGINEERING INTERNATIONAL 


Reprocessing spent fuel in 
France 

By J. Megy* 

The sound current position of French reprocessing technolo^ is 
the result of a sustained long term innovative effort. Technical 
problems remain, but the industry is confident that it has the 
capacity to design and build the large facilities needed by the 
country’s nuclear power programme. 
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been gained, it was decided in the 
inid-1970s to expand the lwr fuel repro- 
cessing facility at La Hague by building a 
new plant (UP3A) which it is hoped will 
come on stream during 1986. Plans were 
also made for a new vitrification plant 
(A VH) to be built at La Hague to come 
on stream at the same time as UP3A. In 
addition a 5t/y fbr fuel reprocessing 

Fuels reprocessed in La Hague, from 
1976 to 1982, tU 

1978 1977 1978 1979 1980 1981 1982 

Gas 

graphite 218 351 372 264 ' 253 251 200 
LWR 14 17 37 75 102 100 164 
Pherilx — 2.2 1.6 2.1 — 


demonstration plant at Marcoule (Tor) 
is to be commissioned in 1984. Facilities 
for r and d have also been expanded 
during the latter part of the 1970s. Ulti- 
mately, it is expected that a commercial 
FBR fiiel reprocessing plant (Purr) might 
be built sometime in the 1990s. 

Organization. While the first reproces- 
sing plant was set up at Fontenay aux 
Roses in 1954, it was not until the late 
1970s that the Commissariat a TEnergie 
Atomique mounted a substantia] innova- 
tive effort. Between 1976 and 1981 
budget allocations increased fivefold 
(see figure p 42). 

To supplement existing facilities, 
which included laboratories for process 
r and d and hot pilot installations, the 
Industrial Prototype Department (Ser- 
vice des Prototypes Industriels) was set 
up in 1976 for the full scale construction 
and testing of reprocessing components. 
Also, a Process Industrialization 
Department was formed (Departement 
d'lndustrielisation des Precedes) to pre- 
pare the ‘process books’ that contain the 

French Industrial reprocessing 
experience to 1982, tU 

Type of fuel 

Qas graphite LWR fbr 

UP1 Marcoule 12000 — — 

UP2U Hague 4313 500 5.9 

ATI U Hague — — 1.1 

Sap/Tor Marcoule — — 9 

data needed to build a reprocessing facil- 
ity, and to provide permanent liaison 
between the r and d departments, the 
Societe Generale pour les Techniques 
Nduvelles (SON) who carry out the 
engineering work, and the owners of the 
reprocessing plants, Cogema. 

Future facilities, and in particular the 
expansion of La Hague, will thus beneBt 
from fully tested techniques, examined 
and adopted in principle by the (Tentral 
Safety Department for Nuclear 
Facilities (Service Central de Surete des 
Installations Nucleaires). 

March 1983 


The La Hague reprocessing facility, showing 
in the background the UP2 plant and in the 
foreground work proceeding on the UP3A 
plant. ^ 

The organization for dealing with 
waste is similar to that for reprocessing. 
The Agence Nationale pour la Gestion 
des Dechets Radioactifs (known as 
Andra) owns the storage facilities. 

The process. The Purex process is emp- 
loyed in present and planned reproces- 
sing facilities. It is based on the separa- 
tion of uranium from plutonium and fis- 
sion products by solvent extraction using 
tributylphosphate and a diluent (see fig- 
ure below). 

The Purex process which is employed in all 
French reprocessing facilities. 


This process was initially used on the 
gas graphite natural uranium fuels, and 
was then adapted to the reprocessing of 
light water and fast breeder fuels. The 
problems which are being tackled by the 
extensive r and d programme currently 
under way, include: 

• At the plant head, the fuel elements 
are cut by chopping. New choppers are 
currently undergoing tests for the La 
Hague expansion and are being investi- 
gated for fast breeder fuels. 

• In the present facilities, the chopped 
irradiated fuels are dissolved in boiling 
nitric acid in a batch dissolver. A con- 
tinuous rotary dissolver, which is far 
more efficient and which will be used in 
the new facilities, is now undergoing 
full-scale tests. 
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• It is very important to clarify the solu- 
tions, that is to separate the highly active 
insoluble fines. New prototype cen- 
trifuges and pulsed filters are undergoing 
tests. 

• Chemical engineering research pro- 
jects on pulsed columns for extraction 
are currently under way, as well as 
radioactive extraction cycles on a pilot 
scale, with cold cycles investigated in 
full-scale pulsed columns, for the new 
facilities. 

• Work is also under way to improve 
tributylphosphate solvent processing 
and recycling. This could mean a signifi- 
cant improvement in process manage- 
ment, both technical and economic. 

In general, new designs for compo- 
nents and systems emphasize remote 
control and remote maintenance and 
repair. The aim is to achieve very high 
equipment reliability and operating 
flexibility, in order not only to reduce 
personnel doses, but also to improve 
safety and load factors. 

Wastes and effluents. A waste is a release 
that is processed into solid form and 
packaged in such a way that its return to 
the environment can only take place 
when it is sufficiently diluted to avoid 
incurring inadmissable risks, as defined 
by the requirements of the International 
Commission for Radiological Protec- 
tion. 

An effluent, on the other hand, is a 
liquid or gaseous waste which is returned 
immediately to the environment, after 
treatment if required, in sufficient dilu- 
tion to eliminate the risk of radioactive 
exposure. 

Programmes under way are designed 
to reduce the quantities of effluents and 
wastes by carrying out internal recyc- 
lings, by requiring that the materials 
leave the facilities at a small number of 
specific and carefully monitored points, 
and by adopting a specific packaging 
technique for each category. Hence, for 
example, iodine 129 leaving the process 
in gaseous form is trapped and converted 
to solid lead iodide, and then treated as a 
waste. Liquid effluents are decontami- 
nated by an effluent treatment station. 
Technological advances have ensured 
that releases from the La Hague site will 
not increase despite the planned expan- 
sions. 

In reprocessing, apart from uranium 
and plutonium nearly all the radionu- 
clides are separated during the process 
and are subsequently found in the form 
of wastes. Some of these wastes contain 
a emitters (plutonium and other 
actinides) with long half-lives and high 
radiotoxicity. A distinction is made be- 
tween various categories of waste: 

• Very high activity wastes containing 



nearly all the fission products and 
actinides other than plutonium, separ- 
ated during the extraction phase. 

• High activity wastes such as mechani- 
cal treatment wastes (hulls, pieces of 
clad, ends etc) which still contain high Py 
activity and are contaminated with a 
plutonium, 

• Low and medium activity wastes pro- 
duced at different points of the process, 
and consisting mainly of wastes of the 
effluent treatment station. Some of 
these contain a emitters. 

On the whole, about 1 per cent of the 
plutonium is immobilized in all these 
wastes. The results already obtained and 
advances under way in r and d on recyc- 


There are generally four types of sol- 
idification agents (SA) commercially 
available to the American nuclear indus- 
try for low-level radioactive waste: 
bitumen (asphalt); portland cement - 
with or without additives; gypsum 
cement, with properties essentially the 
same as cement; and vinyl-ester resin. 

Most other systems, which are either 
still under development or being 
designed for special applications, are 

•Wiinpcy Gilbert Twickenham England, 
t Gilbert/ Commonwealth Reading, PA, United 
States. 


ling and analytical methods will mean a 
considerable reduction in the quantity of 
plutonium in wastes produced by future 
plants. 

These wastes are packaged according 
to their category. The very high activity 
wastes are packaged in the form of 
borosilicate glasses by the process 
developed at the Marcoule Vitrification 
Unit. Research and tests on glasses are 
continuing, and the prototypes of the 
future La Hague vitrification unit are 
undergoing initial trials at Marcinilc. 
High activity wastes for the future plants 
will be immobilized in cement. The 
cementation installations are under- 
going trials, the low and medium activity 
wastes will be immobilized in cement, in 
thermosetting resin, or in bitumen, 
depending on the physicochemical 
characteristics of the material to be 
immobilized. 

After packaging, these wastes are 
then sent to final storage (after an 
interim period of varying length) involv- 
ing: deep storage for wastes containing a 
emitters above a certain threshold; and 
surface or subsurface storage for other 
wastes. 

Economics. At present, considering the 
estimates for the expansion of La 
Hague, the reprocessing of irradiated 
light water fuels costs about 1 .2 
centimes/kWh (not including slightly 
enriched uranium and plutonium, the 
utilization of which can cut this cost con- 
siderably). n 


variations on these four basic systems. 
Urea-formaldehyde (u-0 polymer, 
although once widely used, is a 
condensation-type polymer, prone to 
shrinkage and the rejection of substan- 
tial volumes of condensation and free 
water as it cures, making it unacceptable 
undercurrent waste disposal regulations. 
It is not therefore considered here. 

The majority of radioactive waste cur- 
rently produced by nuclear facilities con- 
sists of demineralizer resins, evaporator 
concentrates, filter cartridges and pow- 
dered resin sludges and dry active waste. 


The options for solidifying low 
level waste 

By M. J. Akins*, G. Costomirist, P. Deletet, R. B. Wilsont 

The search for the optimum solidifying agent for low level rad- 
waste has generated considerable data about the various options 
available. The conclusion drawn from this data is that there is no 
universally applicable solidifying system. Individual agents 
must be matched with particular uses to achieve the best result. 
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Spent fuel 
reprocessing 


R & D in this area included the following milestones in 1983: 

- start of construction at La Hague of the large facilities associated with the 
future UP 3 plant, using data acquired previously in the C.E.A. laboratories and 
S.G.N. design offices, and which now requires considerable effort to complete 
relevant R & D programs; | 


- completion of the main construction phases of the Tp.R. plant to expand and 
modernize the Marcoule pilot facility, enabling equiprnent installation and cold 
testing in 1984; 

- preparation of a scaled-down design for Cogema’s planned FBR fuel reprocess- 
ing plant, but with the same timetable, to provide a report enabling a decision 
in 1986, making research on the design*s most specific innovations a priority; 

- emphasis placed on activities directly related to reprocessing, including 
studies for the management of “exotic*’ fuels (experimental or damaged and not 
directly reprocessable in Cogema’s plants), as well as development of nuclear 
facility dismantling techniques; 

- initial allowance for recommendations of the Castaing report issued at the end 
of 1982, particularly with respect to advanced reprocessing research and spent 
fuel management other than immediate reprocessing. 


This annular uranium extraction column 
has an active height of eight meters and is 
supplied by a metering wheel. It is part of 
a facility designed primarily to handle 
waste from future plants with a favorable 
geometric conTiguration in a single line. 



For water reactors, studies were performed at Fontenay-aux-Roses on the 
chemistry of technetium, an element that complicates ^traction operations, and 
on the use of new reagents such as hydrazine carbonate to facilitate waste 
management. A new process was derived for oxidizing|dissolution of plutonium 
oxide and progress was also made on theoretical modeling of waste extraction 
in pulsed columns. i | 

At Marcoule, a number of UP 3 plant equipment prototypes were operated. 
A shearing machine was used to develop the most fragile components in col- 
laboration with S.G.N.; a “bucket wheel’’ continuous dissolver was subjected to 
mechanical endurance and uranium oxide dissolution tests; an annular column 
setup was expanded and the columns were interconnected and tested; a low- 
pressure acid recovery unit was installed; and a revolving-bowl plutonium 
oxide precipitator was designed for Cogema. j j 

Other ongoing support for chemical activittes included:' mechanical reliability 
studies for the bucket wheel dissolver; research on materials capable of withstan- 
ding corrosion in nitric acid environments, particularly zirconium and zirconium 
alloys; development of automatic and remote-contro) analysis techniques us- 
ing fiber optics; testing at La Hague of nuclear instrumentation to be used at the 
GP3 plant, particularly equipment to measure burnup of incoming fuel 
assemblies. ! 1 I 

* I 

In addition, the C.E.A. deployed efforts to promote modern remote-control 
servicing techniques. In 1983, a mechanical remote rnanipulator produced by 
French industry was subjected to extensive testing. Cogema ordered a series of 
these units from the French supplier in view of the satisfactory results reported 
for the tests. An electronic programmable remote manipulator designed by the 
C.E.A. was also tested to develop a broader range of remote servicing 
capabilities for reprocessing plants. | j j ^ 

Qualification of the spent FBR fuel underwater storage process was com- 
pleted. A facility employing this process will be built on the Creys-Malville site. 

A fissuring process for cutting hexagonal FBR fuel tubes was successfully 
hot tested for the first time using assemblies from the Ph6nix reactor. Plans 
call for use of this technique in the I.S.A.I. facility at Marcoule and subsequently 
in Cogema’s projected FBR fuel reprocessing plant. Continuous dissolving of 
hiqhly-irradiated (100,000 MWd/t) fuel pins was carried out inside a shielded 
line at Fonten^''-aux-Roses to observe the effects of nitric acid on various types 
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Fuel assembly laser cutting. 


Radioactive waste 
management 


of fuel claddings. The bulk of efforts, devoted to speciHc components in 1983, 
focused on conceptual design of a helical-type continuous dissolver. An in- 
itial version of this dissolver will be installed in the T.O.R. plant in parallel 
with the conventional batch dissolver. 

In addition to laboratory research, the C.E.A. contributed substantially to 
preparing input data for Cogema’s MAR 600 facility, designed to permit 
industrial-scale reprocessing of fuel from the first FBRs This included respon- 
sibility for preliminary design of process flow diagrams. 

The S.A.P. pilot facility at Marcoule operated steadily during the first half of 
1 983. A total of 1 ,600 kilograms of uranium and plutonium were dissolved and 
300 kilograms of plutonium were extracted. Various measurements and obser- 
vations were performed during this period including fission product assessment, 
neptunium monitoring, testing of iodine zeolite absorption and hydrazine car- 
bonate solvent treatment. The S.A.P. facility was then shut down since work on 
the T.O.R. plant was far enough advanced to enable connection with the rest of 
the pilot facility during the second half of the year. Construction will be com- 
pleted in 1984 and followed by cold startup testing. 

As part of international technology transfer cooperation efforts, information 
exchanges with Great Britain advanced normally. However, no major progress 
was made on negotiations with other nations planning to build reprocessing 
plants, e.g. West Germany and Japan. 


Last year’s momentum intensified as new teams were set up within the Waste 
Research and Development Department created at I.R.D.I. and at l.P.S.N. Ad- 
ditionally, the budget of the Radioactive Effluent and Waste Mission increased 
40% in current francs. 

The year’s highlights included: 

• creation of a clay and compound materials laboratory (L.A.M.C.) for research 
on materials and engineered barriers in storage facilities* 

- development of waste volume reduction techniques such as incineration, 
already demonstrated feasible for use on hot solvents and under study particular- 
ly for use on ion exchange resins, or cryogrinding for which a facility at 
Cadarache has performed satisfactorily under cold conditions; 

- performance of design studies on decontamination processes for plant 
dismantling, using either chemical or electrochemical techniques, as well as gels 
or blasting jets. 

Gels were successfully used in the waste asphalt-encapsulation facility at the 
Brennilis EL 4 reactor, reassembled after decontamination at Cadarache, and 
on structural steel from the German Isar boiling water reactor. The Isar structural 
steel was subsequently returned to West Germany for meltdown. 

Significant achievements in vitrification included: excellent performance of 
the AVH cold prototype calciner for future facilities at La Hague: assistance 
provided to S.G.M. for startup of B.N.F.L.’s cold prototype at Sellafield in Great 
Britain; and increased efforts to prepare formulas and technology for high- 
temperature glass fabrication. Continuous operation for 170 hours of a cold 
crucible direct induction furnace with a capacity sufficient to accomodate an 
A VM-type industrial vitrification facility enabled meltdown of two tonnes of glass 
at crucible temperatures of 1,450 to 1,500 ®C. 

Additionally, installation of a prototype solid waste treatment system capable 
of meuiiijij fofci iiuii... and (ncorporotlng dissolving fines in a metal matrix was 
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Cogema affirms its position as 
world leader in the fuel cycle 


Cogema has become the only industrial 
company in the world which can handle 
the whole nuclear fuel cycle from mineral 
prospecting to the reprocessing of radioac> 
tive fuels. This position has been attained 
through a steady investment policy: 10 bil- 
lion francs of accumulated investments up 
until the end of 1 983, of which 3.5 billions 
in 1 983 alone. Turnover is in constant pro- 
gress reaching 1 1 billion francs last year, 
of which 25 per cent in the export field. 
The company's cashflow reached at 1.8 
billion franc. For the Cogema group as a 
whole, turnover was 17.63 billion francs 
compared to 15.2 billions in 1982 with 
exports at 35 billions compared to 6.7 bil- 
lions. Cogema employs 9,000 people, 
which makes a total workforce of 14,000 
for the group aS a whole. 

Natural Uranium. Cogema has access to 
almost 25 per cent of the world's 
production/concentration capacities. In 
France it holds almost 85 per cent of the 
country's reserves. Outside France it is 
playing an increasingly active role, in 
Africa, in Latin America and in North Ame- 
rica. In 1983 concentrated uranium sup- 
plies represented nearly 8,000 tons, of 
which 1/4 was for foreign customers. The 
corresponding production was divided bet- 
ween French mines (nearly 2,500 tU), 
African mines (4,400 tU) and North- 
American ones (1 ,300 tU). 

In France Cogema directly operates three 
mining complexes. In Africa it is associa- 
ted with various partners in three mines, 
two of which are in Niger (Somair and 
Cominak) and one in Gabon (Comuf). In 
Canada, Cogema is the main shareholder 
in Amok which exploits fields near Cluff 
Lake. At the end of last year, a major field 
containing ore with a high uranium content 
was discovered at Waterbury Lake (Sas- 
katchewan). In the United States Cogema 
acquired 80 per cent of the company Path- 
finder Mines. 

Enrichment. The Eurodif enrichment plant, 
in which Cogema has a 51.33 per cent 
stake, has adapted its operating rate to the 
decline in demand... 

At Miramas Cogema has other isotopic 
separation capacities: from 1 50 to 200 kg 
a year of boron 10 and more than 
1,000 kg a year of lithium 7. Lastly, 
Cogema is participating in the major R and 
D effort undertaken by the CEA on advan- 
ced enrichmeht processes. 

Nuclear Fuel. Since 1976 Cogema has 
been supplying EDF's GCR plants with fuel 
elements manufactured by its 100 , per 
cent subsidiary SIGN. In the field 6 ^ 



LWR, following the agreement reached on 
January 20 this year, Cogema has been 
given a 25 per cent stake in Eurofuel along- 
side Pechiney with 50 per cent and Frama- 
tome with 25 per cent. Eurofuel itself 
holds 87 per cent of the capital of FBFC; 
MMN holds the remaining 1 3 per cent. 
Cogema also holds 25 per cent In the com- 
pany CFC alongside Pechiney with 50 per 
cent and Framatome with 25 per cent. 
FBFC operates the three fuel manufactu- 
ring plants of Romans, Dessel and Pierre- 
latte and divides up the manufacturing pro-*^'*^ 
grammes between them. Finally Cogema 
is a fellow shareholder of Framatome 
(50/50) in Fragema, which is alone res- 
ponsible for the design and marketing of 
the nuclear fuel. Cogema is also responsi- 
ble for supplying the first core and the two 
first reloads for Superphenix. 

Reprocessing. At the end of 1 983 Cogema 
had reprocessed 5,842 tons of GCR fuel. 

At the same date, the UP 2 plant at La 
Hague had reprocessed more than 700 
tons of LWR fuel (of which 221 tons in 
1 983). The plant is currently being expan- 
ded. What is more, a new plant (the UP 3 
with a planned capacity of 800 tons a 
year) is currently being built at La Hague 
with start-up planned at the end of 1988. 
The UP 2 plant also reprocesses fastbree- 
der fuel (Phenix) by mixing it with GCR 
fuel. More than 6 tons had been reproces- 
sed by the end of 1983. Lastly, by the end 
of 1 983 the Vitrification Plant at Marcoule 
has already produced 867 glass contai- 
ners, representing 7 1 3 cubic metres of 
high fission 


Special transport services. This depart- 
ment called STS is involved in the design 
and manufacture of casks, cask manage- 
ment and the transport of radioactive mat- 
ter. In liaison with STS, a department of 
radioactive fuels transport (STCI) is res- 
ponsible, in liaison with STS, for all trans- 
port operations in the direction of La Hague 
and Marcoule. It assures the supervision of 
development, manufacture and mainte- 
nance of casks used for radioactive fuels, 
plutonium, waste and residues. It operates 
railway terminals, road transport and the 
cask maintenance workshop at La Hague. 

Future. Cogema has 70 foreign clients, 
some of whom are in the United States, 
where it has achieved a spectacular 
breakthrough. Japan is however the com- 
pany's most important foreign customer. 
Cogema also relies on its engineering sub- 
sidiaries. Company chairman Francois de 
Wissocq expects turnover will fall slightly 
this vear (because of the renegotiation of 
the contract under which the USSR enri- 
ched uranium on behalf of France). But the 
cashflow will be "substantiar*. Invest- 
ments will be increasing considerably this 
year to reach 5.5 billion francs for Cogema 
alone and 6 billion for the group as a 
whole. E.L. 


Subscription form see 
page 106 
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La Hague, the biggest work site 

in Europe 




(from our special correspondent in La Hague! 


Arriving near the La Hague site is an ex- 
perience, even a shock, with the change in 
landscape. It is true that it is the biggest 
work site in Europe and that the infrastruc- 
ture are at the same scale. For the con- 
struction requirements, Cogema set up the 
economic interest grouping Gifab to ^ 
operate a concrete batching and mixing 
plant which can be taken down later. In 
five years it will produce some 800,000 
cubic metres of concrete, a quarter of 
France's total production in a year. 

The main work site - The plant which 
already exists at La Hague has belonged to 
Cogema since 1976. Under extensions 
planned both for French and foreign fuel, 
two major complexes are being built: 

- UP3 A, a plant which is being completely 
financed by foreign customers and which 
will eventually include: a cask discharging 
facility: two pools (C and D) with a capaci- 
ty of 2,000 tons apiece (the C pool receiv- 
ed its first basket of radioactive fuel in 
April, while the D pool should be in service 
towards the end of 1 9851; a T 1 shearing/ 
dissolution unit, of which the civil 
engineering work is currently in progress; . 
four separation units, treatment of fission 
products, separation of uranium and 
plutonium (civil engineering in progress); a 
waste vitrification unit (T 7} with a capaci- 
ty three times greater that of AVM at Mar- 
coule (civil engineering work started in 
May 1984); an STE 3/T waste treatment 
plant. This UP 3 complex, the construction 


of which is progressing at full speed, will 
be in service in the middle of 1 988, except 
for the vitrification shop which is due to 
start up at the end of March 1 989. 

- UP 2 800, the plant which is to come 
onstream in 1990, two years after UP 3. 
Already several shops of this complex, in- 
tegrated to the facilities of the current 
plant, are being built or in some cases have 
even been completed. The BST 1 
plutonium storage shop (completed at the 
beginning of 1983); the AD1 decontamina- 
tion shop (completed at the beginning of 
1984); SPF 5, the storage unit n° 5 for 
fission products (due to come onstream 
before the end of the summer); NCP 1, a 
facility for concentrating fission products 
(start up planned for the end of 1984); 
finally, R 7, the UP 2 800 vitrification shop 
for vitrifying fission products resulting 
from the reprocessing of 800 tons a year 
of fuel from this plant. The start up is due 
to take place in a little more than two 
years. 


Facilities that are common to UP 3 and 
UP 2 800 - These include the new ST3 
waste treatment station, which is due to 
come into service at the end of 1 986; the 
site, that is to say all the infrastructural 
facilities which need to be planned around 
the nuclear buildings (roads and distribu- 
tion networks, conduits, production and 
distribution of fluids etc). This work site is 


being carried out alongside work being 
done on the two plants. As part of "major 
work site" procedure. Cogema is financing 
a certain number of works and municipal 
facilities in the region. 

A lightening visit - In the pools in 10 
metres of water lie the racks containing 
the radioactive fuel assemblies. The latest 
of these ponds to come into operation, the 
C pool , the first facility built in the UP 3 
extension, is suspended on big neoprene 
blocks so as to assure an increased safety 
in the event of an earthquake. The follo- 
wing pools (D and E) are also suspended. 
Along the wall of the pool can be found the 
"Nympheas" built by SGN, which are in 
fact very sophisticated exchangers desi- 
gned to maintain the water at a constant 
temperature and quality. 

Everywhere, in the maintenance period 
(July-August), it is the cleaning and main- 
tenance of the material which produces a 
sizeable amount of technological waste: 
cotton, woven paper, polyethylene sheets 
and industrial grade gloves. The La Hague 
plant uses 7 million pairs of gloves a year. 
For the casks there is an outside storage 
area. Different models can be seen there: 
cubic casks for graphite gas fuel, cylindri- 
cal ones for LWR fuel, including Transnu- 
cleaire casks or the recent Lemer model. 
During treatment programmes around one 
cask is received every day. 

Elisabeth Li6geois 



La Hague. Aerial view. UP3 programme: work in progress on the La Hague. Pool C. (Doc. Cogema!. 

‘^medium activity” building. (Doc. Cogema! . 
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APPENDIX 9 

Marcoule, COGEMA: French Plutonium Site 
(Translation) 
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FRANCE 


MARCOULE.COGEMA: FRENCH PLUTONIUM SITE 

UNKNOWN 

[Text] The Marcoule Mystique (1952-1958) 

Marcoule’s birth certificate is dated sometime during the winter of 

1952-1953, when the [French] Atomic Energy Commission selected a flat stoney 

hilltop, 15 by 20 meters, bordered on the east by the Rhone [river], 

for the creation of the first French plutonium production center. The 

site, dominated by the Dent de Marcoule, a steep hill 220 meters high, 

is in the canton of Bagnols-sur-Ceze, in the northeast of the Card departement, 

at the crossroads of the Languedoc, Provence and Rhone-Alpes regions. 

The geographic and hydrological reasons that caused its selection had 
already made it the choice in Gallo-Roman antiquity for the construction 
of a vast manufacturing and shipping complex for wine amphora from the 
region. 

In 1952, the CEA [French Atomic Energy Commission] was seven years old, 

Seven years that had been used to make up for the delay that France had 
experienced due to the war in the area of nuclear energy. 70 percent of 
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of the financial resources of the first five-year plan for industrial 
development of atomic energy were devoted to the new Marcoule center. 

Its construction took place in the extraordinary climate that characterizes 
the work of "pioneers." 

This enthusiasm accomplished miracles. The center, built in less than 3 
years, was dedicated 10 October 1955 by Mr. Guillaumat and Mr. Perrin. 

At the beginning of the following year, on 7 January, was the divergence 
of the Gl reactor, which was built in 18 months. On 25 September 1956 
the first French kWh of nuclear origin were produced. 

The construction of the G2 reactor began in March 1956 along with its 
large associated power plant, while construction began on the G3 and the 
plutonium reprocessing plant. 

The Plutonium Route (1958-1969) 

Marcoule entered the production phase. During this period, plant activity 

was basically devoted to the production of the nuclear material required 

for the first generation of devices for the French deterent power. 

« 

Some' key dates: 

—January 1958: Startup of the UPl, first French reprocessing plant; 

July 1958: divergence of the G2 and entrance of the first load of 

irradiated uranium into the plant; 
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—20 February 1959: production of the first plutonium lingot; 

15 May 1967 and 30 October 1968: divergence of the two Celestln 

reactors, designed to supply the tritium used for thermonuclear 
arms. 

During this period, facilities for waste treatment, storage of fission 
products (1960) and the bitumen coating shop (1966) were created at the same 
time. 

Starting in 1969, after 12 years of uninterrupted expansion, Marcoule 
went through a difficult period: needs for "strategic" plutonium were 
falling off and the reprocessing capacity exceeded needs, due to the 
delays of the nuclear electricity program. 

Therefore, a diversification of the firm's activity was undertaken: 
reprocessing of fuels from European research reactors, production of 
radioactive elements, miscellaneous services. 

The only notable success during that time when France was rethinking its 
nuclear future: the construction of the Phenix. 

This reactor, the Industrial prototype of the "fast neutron" type diverged 
on 31 August 1973 and produced its first billion kWh on 23 October 1974. 
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Marcoule Today 

The rebirth of Marcoule can be dated from 197 5, That year, the French 
nuclear apparatus was simplified and organized. On 19 January 1976, 
COGEMA [General Company for Atomic Materials] was bom, since the CEA 
had obtained the agreement of the government to **give to its industrial 
means in the fuel cycle the form of a full-fledged company." On 1 June 
of the same year, Marcoule became an establishment of the reprocessing 
branch of COGEMA. 

Despite the inevitable problems raised by such a change, the first signs 
of relaunching were quickly perceptible: investments, activity programs, 
hiring of a young and qualified personnel (2,579 workers on 31 December 
1979 compared to 2,096 — CEA plus COGEMA — 3 years earlier). During this 
period, COGEMA alone recruited 664 persons. 

In order to live in the present, Marcoule is creating a new image, of 
which the principle traits are the following: 

The Reactors 

The Gl, G2 and G3 reactors responded to the desire to associate with a 
considerable plutonium production — the first purpose of Marcoule — a 
significant production of electricity. 

At the present time only G3 remains in operation, with Gl having been 
shut down in October 1968 for economic reasons and G2 in February 1980, 
the twentieth anniversary of its going on line. The perfect regularity 
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of operation that always characterized this reactor gave it the world 
record for continuous operation. 

Its load factor was an average of 82.5 percent for its first 20 years. 

During that period, G3 produced 5,269 billion kWh. In normal operation, 

G3 and its twin brother G2 produced about 600 million kWh annually, or 
the equivalent of 140,000 TOE (tons oil equivalent). 

The industrial irradiation reactors Celestln 1 and Celestin 2 were built 
in 1967 and 1968 to produce tritium, the heavy hydrogen isotope used for 
the requirements of the nation’s thermonuclear armament and designed to 
serve other irradiations for the production of radioactive elements and 
transuranians. 

With a power of about 200 MWe each, they are cooled and moderated with 
heavy water and supplied with either enriched uranium or with plutonium. 

These two reactors exhibit a high degree of safety in operation and 
their flexibility in adapting to extremely diverse production for industrial, 
medical and pharmaceutical use (cobalt 60, Pu 238 for cardiac stimulators, 
specifically) has been remarkable. Since 1976, these irradiation tools 
have received a plutonium breeding vocation whose purposes are identical 
to those of the G reactors. 

The breeder reactor Phenix, installed on the north end of the Marcoule 
site, is a plant related to the CEA.-Rhone valley firm and run by a joint 
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CEA-EDF team. Placed in operation in 1974, Phenix is the intermediate 
step between the experimental reactor Bapsodie and the 1200 MWe commercial 
prototype Super-Phenix being constructed at Creys-Malville (Isere) which 
is supposed to diverge at the end of 1983. 

Reprocessing 

When France chose the "plutonium route" in 1952 and decided to make 
Marcoule a complete center for the production of plutonium, the plan was 
to associate a product extraction plant with the primary reactors. This 
last extraction link, what is now called the "reprocessing" link, is 
today composed of a unit made up of storage pools, cladding removal 
facilities and the reprocessing plant itself. 

There are four storage pools where the short-lived radioactivity of the 
fission products, which are particularly radioactive, is allowed to 
decay before the operation :of reprocessing irradiated fuels from reactors 
begins. 

Fuel from the G reactors is stored from 5 to 6 months. [Fuel] elements 
from the Celestin reactors is stored over 9 months, and the fuels from 
the EDF [French Electricity Company] reactors of the natural uranium 
graphite gas type (UNGG) is stored over a year. 

Cladding removal is the operation which consists of removing the clgdding 
from the irradiated uranium bars prior to their entry into the plant 
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Itself. Considerable modifications, which are aimed at the improvement 
of working conditions and process reliability, have been made in the 
operation of this shop. 

In 1983, MAR 400 will relay the current facility for the processing of 
fuels from the EDF reactors. Integrating the experience acquired in the 
operation of similar facilities at La Hague and Marcoule, specifically 
in three areas: 

— dry unloading of casks in a shielded cell with robot iz at ion of 
the cask decontamination operations; 

— the creation of two storage pools; 

— doing the mechanical processing of the fuel cartridges in shielded 
cells using remote control. 

The reprocessing of irradiated fuels, the purpose of which is to separate 
materials that can be recycled from the radioactive wastes, is done at 
Marcoule in plant UPl which uses the Purex process. This process, 
developed during the first world war by the Americans, is today the most 
widely used in the world. It is characterized by a succession of separation 
in an aqueous medium of the products placed in solution and uses the 
property of certain solvents to extract uranium and plutonium selectively. 
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At first, the plant received exclusively the fuel bars from the G 
reactors. Year after year, the facilities have been improved. Today 
UPl has carried out the first phase of its evolution which now makes it 
possible for it to reprocess a portion of the UNGG fuels from the EDF 
reactors and, in the near future, all of the fuels from this reactor 
type. 

The fission products from fuels reprocessed at Marcoule represent about 
one percent of the weight of the irradiated fuel and almost all of its 
radioactivity, or about 99 percent. 

Their storage was done at the beginning, and continues to be done, in 
specially designed vessels built for this purpose. Their inspection is 
very stringent and numerous safety measures guard against any defect. 

But that can only be a temporary solution for a few decades. The long- 
term safety of the storage (as well of the handling and transportation) 
require the solidification of these products, which are in the form of 
concentrated acid solutions, after reprocessing. Glass has been selected 
as the final material. 

In fact, the glass selected, a borosilicate, lends itself particularly well to 
incorporation of all of the oxides of fission products, or about 40 
elements. Vitrification also has the advantage of reducing the waste 
volume, which is variable depending on the type of fuel Involved. Finally, 
this glass, because of its very low lixivlation [leeching] rate, which 
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reflects its very low solubility, is the ideal material to eliminate 
practically any risk of contamination of the environment. 

The nominal production capacity of the AVM, which is about 200 containers 
per year, was determined to satisfy the regular needs of the plant and 
also to absorb, over several years, the liquid stock of fission products 
that has been accumulated over a period of about 20 years. 

The storage of the containers filled with radioactive glass, which are 

not contaminants, but rather extremely irradiating, takes place in 220 

wells 10 m high, each capable of holding 10 containers. These wells are 

constructed in a concreted envelope, in an enclosure contiguous to the 

3 

AVM. The total capacity of the storage hall is 330 m of glass. It 
covers the operating needs of 11 1000 MWe PWR reactor units for 10 
years. 

3 

From its inauguration in 1978 until May 1981, the AVM vitrified 380 m 
of concentrated solution of fission products representing the equivalent 
of 7,300 tons of fuel. In all, 172 tons of radioactive glass, packaged 
in 506 containers have been produced. 

Thanks to the demonstration made by the proper Industrial operation of 
the AVM, the predominant position of France is the basis of considerable 
commercial fallout. To date, contracts Involving the continuous vitrification 
process have been signed with FRG, Belgium and the United Kingdom. 
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The Marcoule reprocessing plant is completed by laboratories whose basic 
purpose is to monitor the production of the plant and by the Industrial 
chemical engineering department, created to assist the production services 
In the study and development of processes and new techniques. 

The cultural and athletic clubs in Marcoule offer numerous activities 
and are open to the local population since 40 percent of their 4,500 
members are from outside the [Marcoule] firm. The plant also has relations 
with schools and the university (700 visits and 50 annual apprenticeships, 
payment of a FR 400,000 apprenticeship tax, lectures at the facilities, 
participation in the university- industry association) and the socio- 
professional organizations (the Nlmes Chamber of Commerce and Industry, 
the Card Committee for Economic Expansion and Productivity) . 

Relations are also excellent with the wlne-produc Ing community. This 
renowned vineyard, with the appellation "Cotes du Rhone" (wines from 
Chusclan, Orsan, Tresques) is the oldest in France, With 890 growers 
and 6920 hectares planted with vines, the canton of Bagnols-sur-Ceze is 
in the second rank in the departmental Inventory, after that of Vauvert. 
Both from the production standpoint and from the standpoint of production 
surface, being near Marcoule has never brought any harm to this famous 

vineyard* 

In sum, the average financial flow induced by the Marcoule economic 
activity is on the order of Fr 350 million per year (1980 economic 
conditions), almost all of which benefits the immediate vicinity. 
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Marcoule Tomorrow 

Marcoule believes In the future because it has been able to forge Its 
own future. An early worker in the great French nuclear thrust, the 
firm could have rested on its laurels. In 1976, with the appearance of 
C06EMA, it decided to wake up, to get back into the mainstream. 

This effort that has been made already assures that it will continue on to 
the end of the century. While the reprocessing activity is still half 
civilian and half military, construction to Increase the capacity of the 
plant will allow it to relay La Hague in treating all of the fuels from 
the EDF UNGG reactors, until its extinction around 1995. 

All of the facilities under construction or planned bear witness to 
Marcoule' s will to live. 

— MAR 400 (storage and cladding. removal of fuels). 

— New continuous oxalate shop (end of the reprocessing process) . 

--New station for the treatment of liquid effluents. 

— ^New water network and electrical supply. 

— Renovation of the laboratories assuring the on-line monitoring of 
the reprocessing plant. 
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PICTURE CAPTIONS 

P. 1 G2 and G3 under construction. While the G1 reactor was designed 

to allow quick construction, the G2 and G3 reactors are the fruit 
of the experience acquired on this first prototype. 

p. 2 The G2 and G3 reactors. Each building could house three Arcs de 

Triomphe side by side. G3 is the only one still in operation. 

P. 3 The Industrial irradiation reactors Gelestin 1 and 2. They 

manufacture tritium as well as products for medical and pharma- 
ceutical use. 

p. A The breeder reactor Phenix 

(top) 

p. A Handling of a cask for the transport of gas-graphite fuels 

(lower after their use in the reactor, 

left) 

The storage pool. The fuel cartridges are stored here at least 
5 months in order for their radioactivity to decay. 

The UPl reprocessing plant where the separation of uranium, plutonium 
and fission products is done. It processes Irradiated fuels from 
gas-graphite power plants. 


p. 5 
(top) 


p-. A 

(lower 

right) 
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p. 5 The cladding removal facility. The Irradiated fuels have their 

(bottom) magnesium cladding removed with a hydraulic jack. 

p. 6 UPl interior view; reprocessing control board 

Uop) 

\ 

p. 6 Exterior view of the fission products vitrification shop (AVM). 

(middle) 

This is where the fission products are incorporated in glass. 

p. 6 Glass pouring during Inactive tests done in the pilot shop. 

(bottom) 

p. 7 In this storage hall containers containing vitrified fission products 

are stored. (Here, an exhibit container). 

P. 8 MAR 400 during construction. 

p. 9 MARCOULE: REGIONAL CROSSROADS Marcoule is at the crossroads of the 

Rhone-Alpes, Languedoc and Provence regions. 

TECHNICAL DATA SHEETS 

P. 3 (top) 

G3 Reactor 

Reactor Building Dimensions: Height 50 m 

Length 75 m 
Width 45 m 
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Fuel; Load: 130 tons natural uranium In magnesium-clad bars. Diameter 3.1 cm 
length 28.2 cm. 

Moderator: 1,200 tons of graphite bars 

2 

Cooling: Carbonic gas, pressure 15 kg/cm 
Input temperature; 140® 

Output temperature: 320® to 365® 

Power: 38 MWe 

P. 3 (bottom) 

Celestin 1 and 2: Industrial irradiation reactors. They produce tritium 

and plutonium 

Power: 200 MWe each 

el: Enriched uranium or plutonium 

Moder^or: Heavy water in closed circuit. 

* 3 

Rate 9,000 m /hr 

Cooling: Heavy water 
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p. 4 (left) 

Phenlx Breeder Reactor, begun In 1968, placed In service in 1974 

Power: 250 MWe 

Fuel: Mixed oxide of uranium and plutonium UO^-PuO^ 

Moderator : None 

Cooling: Liquid sodium 

• Input temperature: 400® 

Output temperature: 560® 

p. 4 (right) 

THE BREEDER REACTOR 

The principle: the breeder reactor uses plutonium 239 as the fissile 
material and uranium 238 as the fertile material. Once the reaction has 
started, the uranium 238 placed around the core is transformed into plutonium 
239 by capture of a neutron. 

Contribution: Its provides a solution for energy supply. It uses two 
by-products of thermal reactors: the depleted uranium discarded by the 
enrichment plants or by the reactors and the plutonium. It ups the energy 
efficiency of natural uranium, which it alone consumes completely, by a factor 
of 50. Once the reactdon has started, it allows production of more plutonitnn 
t ban it con sume s . 
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„ q gas -GRAPHITE PCMER PLANTS 

p. D 

UPl; reprocessing plant for Irradiated fuels from gas-graphite power plants. 

St-Laurent-des-Eaux I: 480 MWe 
^ St-Laurent-des-Eaux II: 515 MWe 

Chinon II: 200 MWe 
Chlnon III: 480 MWe 

Bugey I: 540 MWe 

Marcoule G3 : 38 MWe 

p. 6 

AVM: Fission product vitrification shop 

Vitrification capacity: 200 containers per year 

Storage capacity: 380 m^ of glass in 220 wells 10 meters high 

From 1978 to May 1981: 172 tons of radioactive glass have been produced. 

9969 

CSO: 8119/0983 
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La « mystique de Marcoule» (1952-1958). 

"I ’acte de naissance de Marcoule se situe dans 

courant de I’hiver 1952-1953, lorsque le 
Commissariat a I'Energie Atomique choisit pour 
implanter le premier centre de production de 
plutonium fran^ais, une terrasse caillouteuse de 15 k 
20 metres de niveau, longee a Test par le Rhone. Le 
site - domine par la Dent de Marcoule, colline 
abrupte de 220 metres - se trouve dans le canton 
de Bagnols-sur-Ceze, au nord-est du departement 
du Card, au point de jonction des regions 
Languedoc, Provence et Rhone-Alpes. Les raisons 
geographiques et hydfauliques qui I'ontfait elire, 
I’avaient deja fait choisir dans I'antiquite gallo- 
romaine pour I’installation d'cin vaste complexe de 
fabrication et d'expedition d'amphores de vin de la 
region. 

En 1952, le CEA avait sept ans. Sept 
annees employees a rattraper.le retard pris par la 
France dans 'le domaine de fenergie nucleaire durant 
la guerre.70%des ressources 
financi^res du premier 
plan quinquennal de 
developpement industriel 
de I’energie atomique 
sont affect^es au nouveau 
centre de Marcoule. 

Sa construction se 
deroule dans le climat 
extraordinaire propre aux 
travaux de « pionniers ». 

Cet enthousiasme 
fait des miracles. Le 
centre, construit en moins 
de trois ans, est inaugure 
le 10 octobre 1955 par 
MM. Guillaumat et Perrin. 

Au debut de I’annee 
suivante, le 7 janvier, 
divergence du reacteur 
G1, dont la construction 
s'est faite en 18 mois. Le 
25 septembre 1956 sont 
produits a Marcoule les 
premiers kWh fran^ais 
d’origine nucleaire. 

En mars 1956 
commence ledification 
du reacteur G2, avec sa 
grande centrale associee, 
tandis que sont ouverts 
les chantiers de G3 et 
de I’usine de retraitement 
de plutonium. 


La voie du Plutonium (1958-1969). 

Marcoule entre dans la phase de production. 
Pendant cette periode, I’usine est essentiellement 
axee sur la production de la matiere nucleaire 
necessaire a la premiere generation d'engins de la 
force de dissuasion fran^aise. 

Quelques dates cle : 

- janvier 1958 ; demarrage de DPI , premiere usine 
fran^aise de retraitement; 

- juillet 1958 : divergence de G2 et entree dans 
I’usine de la premiere charge d’uranium.irradie: 

- 20 fevrier 1959 : production du premier lingot de 
plutonium: 

- 15 mai 1967 et 30 octobre 1968: divergence des 
deux reacteurs Celestin, destines a fournir le 
tritium utilise pour I'armement thermonucleaire. 

Parallelement, sont mises en place, au cours 
de cette periode, les installations de traitement des 
dechets, le stockage des produits de fission (1960) 
et I'atelier d'enrobage de bitume (1966). 

, Apartirde1969, apres 

J..'; ’ ■ ' douze annees d'expansion 

' ininterrompue, Marcoule 

traverse une periode 
difficile: les besoins en 
plutonium «strategique» 
sont en baisse et la 
capacite de retraitement 
est excedentaire du fait 
du retard pris par 
le programme electro- 
nucleaire. 

Aussi, une 

diversification de I'activite 
de letablissement est-elle 
entreprise; retraitement 
des combustibles des 
reacteurs de recherche 
europeens, production de 
radio-elements, 
prestations de services 
divers. 

Seule reussite 
notable, dans ce temps oii 
la France repense son 
avenir nucleaire: la 
construction de Phenix. 

Ce reacteur, 
prototype industriel de 
la filiere « neutrons 
rapides» diverge le 31 
aout1973 et produit son 
premier milliard de kWh, 
le 23 octobre 1974. 



G2 ei Go <.;n ruui's de ruction. Aio: s 
rcocieu-r G1 a c te con^ u dc inanioic a pc-i-iYn i.i.v 
realisation tres rapide. les reacteurs C2 et G3 sont ie 
fruit de I'expenence acquise surce pre.mier pro'o'y;'c’ 




Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R000100310003-2 












Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 




red6marrage de Marcoule peut etre date de 1975. Cette ann6e-l^, le dispositif nucl6aire 
(iiljil francais est simplifie et ordonn^. Le 19 Janvier 1976, la Cog^ma voit le jour, le CEA ayant 
obtenu I’accord du gouvernement pour «donner la forme d’une soci6t6 de plein exercice ^ ses 
moyens industriels du cycle du combustible ». Le 1*' juin de la meme ann6e, Marcoule devient un 
6tablissement de la branche retraitement de la Cog^ma. 

En d6pit des inevitables problemes pos^s par une telle mutation, les premiers signes d’une 
relance sont rapidement perceptibles : investissements, programmes d’activite, embauche d'un 
personnel jeune et qualifie (2579 agents au 31 decembre 1979 centre 2096 - CEA plus Cog^ma - 
trois ans plus tot). A elle seule, la Cogema a recrute dans cette periode 664 personnes. 

Marcoule, pour vivre au present, se dessine un nouveau visage, dont voici les traits 
principaux: 


Les reacteurs. 

Les reacteurs G1, G2 et G3 repondaient au 
desir d’associer^ une production Jmportante 
de plutonium, finalite premiere de Marcoule, une 
production significative d’electricite. 

A I’heure presente seui G3 reste en 
fonctionnement, G1 ayant ete arrete en 
octobre 1968 pour des raisons economiques et G2 
en fevrier 1980, le vingtieme anniversaire de son 
couplage au reseau. La parfaite regularite de marche 
qui a toujours caracteris6 ce r^acteur lui a valu de 
detenir le record du monde de fonctionnement 
continu. 

Son facteur de 
charge est en moyenne 
de 82,5% pour ses vingt 
premieres annees. Au 
cours de cette periode , 

G3 a produit 5269 
milliards de kWh. En 
fonctionnement normal, 

G3 et son frere jumeau 
G2 produisaient environ 
600 millions de kWh par 
an, soit r^quivalent de 
140000 Tep (tonnes 
d equivalent p^trole). 

Les reacteurs 
d'irradiation industrielle Celestin 1 et C^lestin 2 ont 
ete construits en 1967 et 1968 pour produire du 
tritium, isotope lourd de I’hydrogene utilise pour 
les besoins de I’armement thermonucl6aire national, 
et con^us de fa^on ci pouvoir servir i d’autres 
irradiations, pour la production de radio6l6ments et 
de transuraniens. 

D'une puissance d'environ 200 MWe chacun, 
ils sont refroidis et moderns a I'eau lourde et 
alimentes soit avec de I’uranium enri.chi soit avec du 
plutonium, 

Ces deux reacteurs manifestent une grande 
surete de fonctionnement et leur souplesse 


d’adaptation a des productions tres diverses k usage 
industriel, medical et pharmaceutique (cobalt 60, 

Pu 238 pour les stimdateurs cardiaques 
notamment) a ete remarquable. Depuis 1976, ces 
outils d’irradiation ont re^u une vocation 
plutonigene dont les finalites sont identiques k 
celles des reacteurs G. 

Le reacteur surgenerateur Ph6nix, implant^ 
au nord du site de Marcoule. est une usine relevant 
de I’etablissement CEA - Vall6e du Rhone et confiee 
k une equipe mixte CEA - EDF. Mis en exploitation 
en 1974, Ph6nix est I'^tape intermediaire entre le 
reacteur experimental Rapsodie et le prototype 

commercial de 
1200 MWe Super - 
Phenix, en cours de 
construction k Creys- 
Malville (Is^re) et qui 
doit diverger i la fin de 
1983. 


Le retraitement. 

Lorsqu'en 1952 la 
France a choisi la 
« voie du plutonium » et 
decide de faire de 
Marcoule un centre de 
production de 
plutonium complet, le plan pr6voyait d'associer aux 
reacteurs primaires une usine d'extraction du 
produit. Ce dernier maillon d'extraction, disons 
maintenant «de retraitement ». est aujourd'hui 
constitue d’un ensemble forme de piscines de 
stockage, d’installations de degainage et de I’usine 
de retraitement proprement dite. 

II existe quatre piscines de stockage ou, avant 
que ne commencent les operations de retraitement 
des combustibles irradies en provenance des 
reacteurs, on laisse d6croTtre la radioactivity des 
produits de fission a vie courte, particulierement 
actifs. 
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Le s6jour est de 5 i 6 mois pour le 
combustible des r6acteurs G, de plus de 9 mois 
pour les 6l6ments provenant des r^acteurs C6lestin, 
et de plus d'un an pour les combustibles des 
r^acteurs EDF de la fili^re uranium naturel graphite 
gaz (UNGG). 

Le d^gainage est reparation qui consiste i 
d^barrasser de leur gaine les barreaux d’uranium 
irradi6s avant leur entree dans I’usine proprement 
dite. D’importantes modifications - qui vont dans 
le sens d’une amelioration des conditions de travail 
et de la fiabilite du precede - ont ete apportees au 
fonctionnement de cet atelier. 

En 1983, MAR 400 prendra le relais de 
I’installation actuelle pour le traitement des 
combustibles des reacteurs EDF, en integrant 
I’acquis de I’experience d’exploitation d’installations 
similaires k La Hague et k Marebute, notamment 
dans trois domaines : 

- le dechargement k sec des chateaux dans une 
cellule blindee avec robotisation des operations 
de decontamination des chateaux ; 

- la creation de deux piscines de stockage ; 

- la realisation des operations de traitement 
mecanique des cartouches de combustible dans 
des cellules blindees k teiecommande. 

Le retraitement des combustibles irradies qui 
a pour but de separer les matibres recyclables des 
dechets radioactifs est effectue k Margoule dans 
I'usine UP1 qui utilise le procede Purex. Ce 
procede mis au point durant la premiere guerre 
mondiale par les Americains est aujourd’hui le plus 
repandu dans le monde. II se caracterise par une 
succession de separations en milieu aqueux des 
produits mis en solution et utilise la propriete de 
certains solvants d'extraire preferentiellement 
I'uranium et le plutonium, 

• L’usine a re^u exclusivement, dans un 
premier temps, les barreaux de combustible des 
reacteurs G. Annee aprbs annee, les installations 
ont ete ameiiorees. Aujourd’hui DPI a mene k bien 
la premiere phase de son evolution qui lui permet 
de retraiter d6s maintenant une partie des 
combustibles UNGG des reacteurs EDF et, dans un 
proche avenir, I'ensemble des combustibles de 
cette filiere. 

Les produits de fission issus des combustibles 
retraites i Marcoule representent environ 1 % du 
poids du combustible irradie et la quasi totalite de 
sa radioactivite, soit environ 99% . 

Leur stockage s’effectuait au depart - et 
continue de I’etre - dans des cuves spedalement 
con^ues et eiaborees J cet effet. Leur surveillance 
est trbs severe et de nombreuses securites parent J 
toute defaillance. 


FICHE TECHNIQUE 


ReacteurG3 

Dimension 
de la nef : 


Hauteur 50 m 
Longueur 75 m 
Largeur 45 m 


Combustible : Charge ; 130 tonnes d’uranium 

naturel en barreaux gaines de 
magnesium. Diametre 3,1 cm, 
longueur 28, 2 cm. 

Modferateur : 1 200 tonnes de barres de 

graphite. 

Refroidissement: Gaz carbonique. pression 
15 kg/cm^ 

Temperature d’entr6e ; 140° . 
Temperature de sortie : 320° 
k 365°. 


Puissance : 


38 MWe. 



Le*., reactev:' ;- d'nT.idu'.tion industrielle Celcstin 1 et 2. 
Ik. fr!L-nq'.:C-i!t du t ilium mais aussi des p'-oduits a usage 
medical et pharmaceutique. 

” FICHE TECHNIQUE 

Ceiestin 1 et 2 : reacteurs d’Irradiation 
industrielle. 

Ils produisent du tr itium et du plutonium. 

Puissance: 200 MWe chacun. 

Combustible : Urani um enrichi ou Plutonium. 

Mod6rateur : Eau lourde en circuit ferm6. . ' / 

D6bi t9000mVh. . 

Refroidissement : Eau lourde. 1 
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FICHE TECHNIQUE 

Surgen^rateur Phenix: 

commence en 1968, 

mis en exploitation en 1974. 


Puissance: 


250 MWe. 


Combustible: Oxyde mixte d’uranium et 

de plutonium U0-.-Pu0:. 


Moderateur: 


Aucun. 


Refroidissement : Sodium liquide. 

Temperature d’entree : 400°, 
Temperature de sortie: 560°. 


LA FILIERE DES SURGENERATEURS 

Le principe: ie surgenerateur utilise comme 
matiere fissile du plutonium 239 et comme mat i ere 
fertile de I'uranium 238. 

Une fois amorcee la reaction, I’uranium 238 
dispose autourdu coeur, se transforme en pluto- 
nium 239 par capture d’un neutron. 

Son Interet: il apporte une solution en matiere 
d’approvisionnement energetique. 

“ II utilise deux sous-produits des reacteurs ther- 
miques: I’uranium' appauvri rejete par les usines 
d'enrichissement ou par les reacteurs. et le plu- 
tonium. 

~ II multiplie par 50 le rendement energetique de 
Turanium naturel qu’il est seui a consommer tota- 
lement. 

- II permet une fois la reaction amorcee de pro- 
duire plus de plutonium qu’il n’en consomme. 



1.11 


I'i d’u!' 0 ^ervar-i ao irc^nspo'i cie^ 

Gombiisubles graphite-gaz apt es teur passuge dans ie 
reacici.’r. 


La piscine de sn./* - .j; * 
combustible y sejOi;’‘:-te': 
racitoactiviTe dec ''or-'. ^ . 
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Mais il ne peut s'agir la que d'une solution 
provisoire sur quelques decennies. La surety a tres 
long terme du stockage (ainsi que la manutention et 
le transport) imposant la solidification de ces 
produits ~ qui se pr6sentent a I issue du 
retraitement sous forme de solutions acides 
concentr6es - le verre a 6te choisi comme materiau 

En effet. le verre choisi - un borosilicate - se 
prete particuli^rement bien a I’ incorporation de 
I’ensemble des oxydes de produits de fission, soit 
une quarantaine d’elements.La vitrification 
presente egalement I'avantage d aboutir k une 
reduction du volume des dechets, variable en 
fonction du type de combustible choisi. Ce 
verre enfin. du fait de son xrbs faible taux de 
lixiviation - qui traduit sa tres faible solubilite - est 
le materiau ideal pour diminer pratiquement tout 
risque de contamination de I’environnement. 

La capacite nominale de production de I AVM 
- qui est d’environ 200 conteneurs par an - a 6te 
determin6e de fa^on k satisfaire les besoins 
reguliers de I'usine mais aussi de maniere a 
resorber, en quelques annees, le stock liquide de 
produits de fission accumule en une vingtaine 
d’ann^es. 

Le stockage des conteneurs remplis de verre 
radioactifs - qui sont non contaminants, mais par 
centre trfes irradiants - s’effectue dans 220 puits 
de 10 m de hauteur, pouvant recevoir chacun 
10 conteneurs. Ces puits sont construits dans une 
enveloppe betonnee, dans une enceinte contigue a 
I’AVM. La capacite totale du hall de stockage est de 
330 m^ de verre. Elle couvre les besoins de 
I’exploitation de 11 tranches de reacteurs PWR de 
1000 MWe pendant 10 ans. 

Depuis son d^marrage en 1978 jusqu’en mai 
1981, 1’AVM a vitrifie 380 m’ de solution concentric 
de produits de fission reprisentant I’iquivalent de 
7300 tonnes de combustible. Au total 172 tonnes 
de verre actif, conditionnees dans 506 conteneurs 
ont ete produites. 

LES CENTRALES GRAPHITE-GAZ 


UP1 : usine de retraitement des combustibles ir- 
radies en provenance des centrales graphite-gaz. 


St-Laurent-des-Eaux 1:480 MWe. 
St-Laurent-des-Eaux II : 515 MWe. 

1 

t 

Chinon II : 200 MWe. 

Chinonlll:480 MWe. 

t 

Bugey 1 : 540 MWe. 


MarcouleGB : 38 MWe. 
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La position predominante de la France, grace 
a la demonstration apportee par le bon 
fonctionnement industriel de I’AVM, est a I'origine 
de retombees commerciales importantes. A ce jour 
des contrats mettant en oeuvre le precede de 
vitrification continue ont ete signes avec I’Allemagne, 
la Belgique et la Grande-Bretagne. 


m 


Lensemble retraitement de Marcoule est 
complete par les laboratoires dont la mission 
essentielle est de controler la production de I usine 
et par la section du genie chimique indusriel, creee 
pour assister les services de production dans 
letude et la mise au point de precedes et de 
techniques nouvelles. 
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Pourfonctionner les installations doivent disposer de supports de types diff^rents. 


Les supports nucliaires spicifiques. 

; a station de traitement des effluents liquides 

.. (STEL) : elle traite les eaux residuaires 
produites au cours du retraitement. Elle dispose de 
citernes et de bassins pour stocker les effluents, d’une 
centrale de pompage, d’un ensemble de reacteurs- 
decanteurs, d’une station d’enrobage et de casemates 
de stockage provisoire. Un projet de renovation 
compile de cette station est en cours d’elaboration. 

Les ateliers de decontamination du materiel 
(ADM) : ils sont charges de traiter les materiels 
contamines pour permettre leur reutilisation. Ainsi, 
la cellule polyvalente de I'ADM lourd, qui vient d’etre 
refaite, peut accueillir des materiels d’un poids de 
60 tonnes, tels que les chateaux de transport d’EDF. 

L’atelier de conditionnement des dechets 
solides (CDS) : il re^oit, pour sa part, les appareils 
ou materiaux a eliminer. Ils sont demontes, 
tron(;onnes et compactes dans des futs avec 
enrobage de beton. Le CDS va faire I'objet d’une 
renovation actuellement en cours d’etude. 

Le service de protection contre les radiations 
(SPR) : il est charge de la protection du personnel, 
de I’application des 
normes de s6curite et du 
controle de la radioactivite 
des installations. 

II dispose a cet 
effet de laboratoires 
d’analyses, de reseaux de 
detection fixes et 
d’appareils portatifs 
individuels ou de zone. 

Grace h I’ensemble 
des moyens de prevention 
mis en place et k la rigueur 
observee dans leur travail 
par les agents, les doses 
individuelles absorbees 
sont limitees et restent 
strictement inferieures 
aux normes fixees par la 
reglementation. Leur 
valeur moyenne est de 
300mRem ou 3 millisievert, 

(mSv), soitl/16'' de la 
dose maximale admissible 
pour les travailleurs 
directement affectes aux travaux sous rayonnements. 

II convient de rappeler qu’en France la dose 
moyenne annuelle provenant de la radioactivite 
naturelle est de 125 mRem ou 1,25 mSv. 


Les supports techniques. 

Les supports techniques sont constitu6s par 
tous les ateliers, bureaux et magasins divers qui 
concourent au fonctionnement des installations. II 
s’agit pour I'essentiel : 

- du bureau d’^tudes au sein des services 
techniques, qui a pour mission la realisation ou le 
suivi des etudes de genie civil ou mecanique. 

- du poste ^lectrique qui assure I'alimentation en 
6nergie et en fluides (1 700 mVh d'eau en debit 
moyen). 

- des ateliers de chaudronnerie, d'electronique, de 
mecanique, etc. 

- du magasin general qui assure avec ses annexes 
I'approvisionnement en pieces de rechange, 
fournitures et produits chimiques. 

Les supports generaux. 

Les moyens informatiques et bureautiques 
sont utilises pour gerer le combustible, le procede. 
les magasins de pieces de rechange, ils sont aussi utilises 
pour la gestion du personnel. Au total 

. 20 ordinateurs. 17 micro- 
ordinateurs et un terminal 
lourd de calculs scientifiques, 
relie au reseau Cl SI 
(Cadarache, Saclay) sont 
utilises. 

Le service medical 
du travail est charge de la 
surveillance systematique 
du personnel. 

II dispose d’un 
complexecomportant un 
b§timent principal et un 
bloc de decontamination. 

En cours de realisation, 
un nouveau batiment 
permettra de prendre en 
compte I'accroissement 
d’activite du service.de 
garantir I’unicite de la 
qualite de la m^decine 
(entreprises et groupe 
CEA), etdemettre 
en oeuvre les nouvelles 
techniques en ce domaine. 

Le laboratoire d’analyses medicales, dote de 
I’instrumentation la plus moderne, precede aux 
diverses analyses liees e la surveillance medicale des 
agents. 


Les effluents residuaires sont traites dans la Station 
de Traitement des Effluents Liquides (STEL). 







Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 
















Sanitized Copy Approved for Release 2010/09/01 : CIA-RDP88R01225R0001 0031 0003-2 


Un environnement respecte. 

especter I’environnement: tel a toujours ete 

le mot d’ordre primordial pour les 
responsables de Marcoule. Dans ce domaine ils ont 
toujours eu une position d'avant-garde ainsi qu’en 
temoigne la realisation d’instaliations qui 
constituaient en France autant de « premieres » 
techniques: atelier de recuperation des acides, 
atelier de bitumage des boues, atelier de 
vitrification des produits de fission. 

Un etablissement comme Marcoule, aux 
installations nucleaires tres diversifiees. est amene a 
rejeter dans I’environnement des effluents gazeux 
et liquides. Bien entendu, des regies strictes 
permettent de limiter quantitativement la 
production et le rejet de tels effluents. 

C'est pour s’assurer que leur impact est 
quasiment nul et ne modifie en rien lequilibre 
naturel de la region que sont effectues de fa^on 
permanente des prelevements d'echantillons dans 
un rayon d’une dizaine de kilometres et a I’interieur 
meme de I'etablissement. Le service de protection 
centre les radiations (SPR) exerce cette mission de 
surveillance sous le controle du service central de 
protection centre les 
rayonnements ionisants 
(SCPRI). Cet organisme 
qui releve du Ministere 
de la Sante est charge 
de la surveillance et de la 
protection des travailleurs 
et de la population. Les 
effluents gazeux sont 
d’abord analyses a la 
source, e'est-a-dire dans 
les cheminees qui les 
emettent. Ensuite sont 
operees des mesures de 
la radioactivite des 
poussieres et des gaz 


contenus dans fair qui est controle par neuf stations, 
dont quatre installees sur le site. 

Les effluents liquides sont analyses avant 
rejet. Deux stations automatiques surveillent en 
permanence les eaux du Rhone en amont et en aval 
de I’etablissement. Des prelevements volants de 
sediments, de poissons, de vegetaux sont operes 
jusqu'au delta et des prelevements d'echantillons de 
la nappe phreatique sont effectues a partir de 
144 puits situes dans I'enceinte du site et de 12 puits 
situes a I’exterieur. 

Le SCPRI, de son cote, procede a des controles 
reguliers sur les eaux du Rhone. 

La densite de ces controles et I’attention dont 
ils font I'objet sont un gage de securite confirme par 
un environnement intact apres vingt cinq ans 
d'activite sur le site. 

Une region mise en valeur. 

Le bon voisinage copsiste, bien sur, a ne pas 
gener ses voisins, mais aussi a participer a leur vie en 
partageant leurs joies et en les aidant dans les 
moments difficiles. Marcoule a su trouver avec son 
environnement humain ce difficile equilibre qui fait 

qu'il est tres present sans 
etre trop pesant. Cette 
reussite, bien sur, s’observe 
surtout dans la vie de 
tous les jours, meme s'il 
faut faire le detour par 
quelques chiffres pour en 
donner une idee. 

Ainsi doit-on savoir 
que 60% des agents 
Cogema habitent dans le 
canton de Bagnols-sur- 
Ceze et que leur 
installation a donne un essor 
significatif a la vie de bien 
des communes locales. 
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Les associations culturelles et sportives de 
Marcoule proposent de tres nombreuses activites 
et sont largement ouvertes a la population locale 
puisque 40' :' de leurs 4 500 adherents sont 
exterieurs a I'etablissement. Celui-ci entretient 
egalement des rapports suivis avec I’enseignement 
et I’universite (700 visites et 50 stages annuels, 
versement d une taxe d apprentissage de 
400000 francs, conferences dans les etablissements, 
participation a I’association universite-industrie) et 
les organismes socio-professionnels (Chambrede 
commerce et d’industrie de NTmes. Comite 
d'expansionjdconomique et de, productivity du 
Card). 

Les relations sont excellentes egalement 


avec le milieu de la viticulture. Ce vignoble repute, 
d'appellation « Cotes du Rhone >> (vins de 
Chusclan. Orsan. Tresques) est le plus ancien de 
France. Avec 890 exploitations et 6920 hectaies 
plantes en vigne. le canton de Bagnols-sui -Ceze se 
situe au deuxieme rang dans I inventaite. 
departemental. apres celui deVauvert. Tant au plan 
de la quality qu’au plan des superficies de 
production, le voisinage de Marcoule n a jamais 
porty pryjudice a ce vignoble renommy. 

Au total, le flux financier moyen induit par 
I’activity yconomique de Marcoule est de I oidie de 
350 millions.de francs par an (conditions 
yconomiques 1980) dont la quasi totality benyficie 
au voisinage immydiat. 


MARCOULE DEMAIN. 


r 

L. 


arcoule croit en I'avenir parce qu il a su se 
’ ' j forger son propre avenir. Artisan de la 
premiere heure de la grande percee du nucleaire 
franijais. I’ytablissement aurait pu doucement 
s'assoupir dans sa gloire. En 1976. avec I'entree en 
scene de la Cogyma. il a choisi de se reveiller, de se 

replacer dans le courant de la vie. 

Cet effort qui fut fait lui assure deja d’aller 
jusqu a la fin du siecle. Si I’activite de retraitement 
est encore pour moitie civile et pour rrioitie 
militaire. les travaux d’augmentation de la capacity 
de I’usine vont lui permettre de prendre le relais de 
La Hague pour traiter I’ensemble des combustibles 
des reacteurs EOF de la filiere UNGG, jusqu'a son 
extinction a I'horizon 1995. 

De cette volonte de vie de Marcoule. 
temoignent encore toutes les installations en 
construction ou en projet; 


- MAR 400 (stockage et degainage des 

combustibles). . j 

- Nouvel atelier oxalate continu (fin du precede de 

retraitement). 

- Nouvelle station de traitement des effluents 
liquides. 

- Nouveau reseau d'eau et d'alimentation 
electrique. 

- Renovation des laboratoires assurant le controle 
en ligne de I'usine de retraitement. 

Porteuse d'avenir est aussi I'installation a 
Marcoule de I’ensembleTOR (traitement des 
combustibles oxydes des rdacteurs a neutrons 

rapides). . 

En prenant en charge le retraitement des 

combustibles de cette nouvelle gynyration de 
reacteurs de type Super-Phynix. Marcoule ouvre 
son horizon bien au-dela de Ian 2000. 



MAR 400 en cours de construction. 
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APPENDIX 10 

COMMISSION OF THE EUROPEAN COMMUNITIES: 
Discharge Data 
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COMMISSION OF THE EUROPEAN COMMUNITIES 


Radioactive effluents 

from 

nuclear power stations 

and 

nuclear fuel reprocessing plants 
in the European Community 


DISCHARGE DATA 
1972-1976 

RADIOLOGICAL ASPECTS 

prepared by F. LUYKX and G. FRASER 



APRIL 1978 
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SUM MART 


The report presents the availahle data on radioactive gaseous and liquid 
effluents discharged by nuclear power stations and nuclear fuel repro- 
cessing plants in the European Conmnmity from 1972 to 1976. Discharges are 
expressed both in absolute terms and relative to the net production of 

electricity from the fuel. 


0„ the baeie of the diecharges recorded for 1976 the reeultirg 
expomu.. of aembere of the population ie quantified end compared uith the 
doee limite preecribed by Euratom radiological protection etandarde end 
uith the exposure resulting from natural radioactivity. 


It is concluded that there ie no case in mhich a discharge could have 
given rise to an exposure exceeding the relevant prescribed limit. Not 
only did the possible maximum exposures Incurred by Individuals leave an 
appreciable safety margin relative to that limit but, for the Vast majority 
of installations, they were comparable with or were considerably lower than 
the geographical and temporal variations in exposures resulting from natural 

radioactivity. 


Where environmental levels have been detectable the measured results have 
of course been used but, with few exceptions, the levels have remained less 
then the very low limits of'detection currently possible. In general, where 
theoretical models are used to evaluate expos^_e, they are designed to 
give conservative results end hence it is likely that the true exposure. 

are even less than those calculated. 


Address for correspondence : 

Commission of the European Communities 
Directorate-General Employment and Soci^ Affa 
Health and Safety Directorate - DO V P/ 2 
Batiment Jean Monnet 
Plateau du Kirchberg 


LUXEMBOURG 
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TABLE XIV 

ANNUAL DISCHARGE OF KRYPTON-85 FROM NFRPs 


FacHlty 

Discharge 

Llalt 


Activity released (Cl/year) 



(Cl /year) 

1972 

1973 

1974 

1975 

1976 

Eurocheafc 

6.3x10®(a) 

2.0x10® 

2.2x1C? 

I.OxIC? 


• 

WAK 

3.5x10^ (Ijc) 

6.8x10* 

2,5x10^ 

^8,5x10^ 

4.3x10* 

8.6x10* 

La Hague 


2.Ax10® 

2.3x10® 

7.2x10® 

6.6x10® 

3.5x10® 

Narcoul e 


4.7x10* 

1.3x10® 

1.1x10® 

1.0x10® 

9.2x10* 

Eurex 

A. 5x10* 

- 

4.7x10^ 

4.3x10^ 

- 

m 

Dounreay 

(d) 






Wtndscale 

(d) 

1.2x10® 

8x10® 

8x10® 

1.2x10® 

1.2x10® 


(a) The annual Halt quoted Is derived fpoa TBaxleua authorired discharge rate of 0.2 Cl/sec. 

(b) All Halts are rOvlevad annually aa mi if KarTanHie »1te effluent coordination plan. 

(c) 2.5x10^ Cl In 197A and 1975. 

(d) Authorizations for British NFRPa place no Halts on the quantities but require that the best 
practicable means be used to alnlalze the amount of radioactive material discharges. 





•: i - 
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16» "Nucleao* Power and the Environment; the Government's Response to the 
6th Report of the Royal Commission on Environmental Pollution", 

Cmnd 6820, HMSO, London (1977) 

17. HUBER 0. and EICKELPASCH N., "Studie Uber die Strahlenexposition in 
der Umgehtuig des Kernfcraftwerkes Gimdremmingen durch die betriehlichen 
Abgaben radioaktiver Stoffe in der Abluft", STH-3/75f 
Bundesgesundheitsamtf Neuherberg (1975) 

18. SCHWIBACH J. ct al., "Methods and results of radioactivities released 
from nuclear power plants", STH-5/77» Bundesgesundheitsamt , 

Neuherberg (1977) 

19, WINKELT^ANN I, et al., "Bericht uber die in Pilterproben aus der Abluft- 
Uberwachungsanlage von Kernkraftwerken in der Bundesrepublik Deutschland 
im Jahre 1976 nachgemessenen Einzelnuklide", STH-4/77» 
Bundesgesundheitsamt, Neuherberg (1977) 

20, RIEDEL H, and OSSEWSKT P., "Zweiter Bericht Uber Messungen zmt 
Emission von Kohlenstoff-14 mit der Abluft aus Kernkraftwerken mit 
Leichtwasserreaktor in der Bundesrepublik Deutschland', STH-l3/77» 
Bundesgesundheitsamt, Neuherberg Xj977) 

Data provided by the Comit6 technique interrainistdriel pour I'EURATOM 

22. ESTOURNEL R, et al., "Experience pratique de la surveillance des 
re jets gazeux dsuis les usines de retraitement fran9aise3", p, 155, 

Doc, v/2266/78 *, CEO Luxembourg (l978) 

23. CLARKE R.H,, personal communication (1978) 

24. KELLY O.N. et al., "The predicted radiation exposure of the European 
Community resulting from discharges of krypton— 85, tritium, carbon— 14 
and iodine«-129 from the nuclear power industry to the year 2000", 

Doc, V/2676/75, CEC, Luxembourg (1975) 

25. FRIGERIO H.A. and STOWE R.S., "Plutonium and uranium emission experience 
in U.S. nuclear facilities using HEPA filtration", p. 457, Proc. of 
Seminar on High Efficiency Aerosol Filtration, Aix-en-Provence 1976; 

Doc. V/835/77, CEC, Luxembourg (1977) 

26. HOWELLS H., "Windscale and Calder Works - radioactive wMte disposals 
and associated environmental monitoring data, 1976", HP/ER/76, 

British Nuclear Fuels Limited (l977) 

27. LARKIN M.J., "Liquid and airbcrne effluents from Windscale nuclear fuel 
reprocessing plant", p. 29, Doc. V/2266/78 *, CEC Luxembourg (1978) 

28. HERRMAN R., personal communication (1978) 

29. BERG R. and SCHUETTELKOPP H., "Die Messung der Verteilung in und 
der Abgabe von 1-129 aus der Wiederaufarbeitungsanlage Karlsruhe", 
p, 81, Doc, v/2266/78 *, CEC Luxembourg (1978) 

30. SCHUETTELKOPP H. and HERRMANN G., "^^C02-Etaissionen aus der Wieder- 
aufarbeitungsanlage Karlsruhe", p. l89,Boc. V/2266/78 *, 

CEC Luxembourg (1978) 
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TABLE Xill 

t 

■ • i . . 

AHNUAL DISCHARGE OF KRYPTOW.BS FROM NFRPs 



(a) flanageaent allocation althln the overall site provisions; the WAK allocation for kryptci>-85 was 
3.5x10^ Cl plor to 1980 

(b) There Is no quantified Halt; the authorization requires that the best practicable aeans be 
used to ainiaize the discharge of radioactive substances 


(c) 


Soble gas dlwharges are not aonltored,' Mor to 1980 reprocessing uas confined to Dounreay Fast 
Reactor (DFR) and BTR fuel. It uas assuaed for DFR fuel that all noble gases escaped Into the 
reactor coolant and were then released froa tto reactor; In consequence dischai'ges froa reprocessl 
are assuaed to be ■nil", BTR fuel contains little krypton-85, 


ng 


Fuel froa the Prototype Fast Reactor (PFR) was first processed In 1980 and It Is assuaed that all 
krypton-85 generated In the fuel Is released on reprocessing. Thus the 1980 discharge value 
corresponds to the calculated krypton-85 inventory, - 
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TABLE XVi 

annual DISCHARGE OF IftlflUK TO ATHOSPHERE FA-OH KFRPs 


Facility 

Oi scharge 
Liait . 


Activity discharged (Cl/year) 


(Cl /year) 

1976 

1977 

1978 

1979 

1930 

VAX 

IxlO^ (a) 

102 (c) 

190 

125 

167 

80 

La Hague 

6x10* (d) 

49 

304 

112 

193 

248 

Karcoule 

1 2.T*10^ (a) 

! 120 

75 

1 712 

1 912 

2 172 

Dounreay 

(b) 






Sellafield 

(b) 

1.2x10* 

8x10^ 

6x10^ 

7.8x10^ 

6.8x10^ 


(a) See foot-note (a) to Table XMlj 

(b) See foot-note (b) to Table XIII. 

(c) Calculated result based on later experlaental uork. 

(d) Unit Introduced 22,10,80 

(e) Llnft Introduced 20.05.81 
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